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(57) Abstract 

ImmunOTwdulating agents comprising at least one Fc receptor ligand and at least otc immunosuppressive factor are provided as 
arc mcfliods for their manufacture and use. Hjc immunomodulating agents may be in the fonn of polypeptides or diimeric antibodies 
and preferably incorporate an immunosuwiressivc factor comprising a T cell receptor antagaiisL The comixsunds and compositians of the 
invention may be used to selectively suppress die immune systtm to treat symptonu associated with immune disorders such as allergies, 
transplanted tissue rejection and autoimmune disorders including liqnis, rheumatoid arthritis and multiple sclerosis. 
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COMPQUHDS. COMPOSITIONS AND METHODS FOR THE ENDOCYTIC PRESENTATION OF 
IMMUNOSUPPRESSIVE FACTORS 



Field of the Inventron 

5 The present invention generaQy relates to compounds, contortions end methods for the effective 

endocytic presentation of nmnmosuppresshre factors. More particularly, the present invention is directed to 
compounds, methods and compositions comprisino immunosupprassive factors that are useful for the treatment of 
various ifisorders inchnling, but not Bmited to, autoimmune disorders. In preferred embodiments the 
immunosuppresshre factore may be T caO receptor antagorosts or agonists. Other embodiments of the invention 

10 provide for the induction of toiarance in neonates or infants. 

Backoround of tfw hwentien 
Vertebrates possess the ebBty Jo mount en immune response es e defense against pathogens from the 
env ire nman t as weO as against aberrant ceBs. such as tumor ceBs, which devehip mtemaDy. The immune response 

15 is the fesuh of cmnpiei interactions between a variety ef cells end factors, but generaDy comprises two main facets. 
One is a celkdar component, m which speciaBied ceils drectly ettack an offending agent (bearing an antigen) whOa 
the other is a humoral component h which entimdy moiecides bind specificeBy to the antigen and aid in its 
efannation. Acting m concert, the mdividual elements are quite effective in tmhing the mitial onslaught of mvading 
patboBeos end eBminating them from tiie host 

'20 The primary cds involved in providing an onmune response ere lymphocytes wluch oeneraly compnsa two 

principal classes. The first of these, desgnatri B cells or B lymphocytes, ere typically generated in bone marrow 
and are, among other duties, responaUs for producing md secreting antSiodies. B ceD antBiody products tend to 
react directiy wttii foreign antigens and nautra&ze them or activate otiier components of the bnmune systems which 
then efimmate them, ta particular, opsoniong antSiodies bind to extreceflular foreign agents thereby rendering them 

25 aosceptifalB to phagocytosis and subsequent intracalubr kilEng. On tiie other hand T caDs or T lymphocytes, which 
generaBy devdop or mature n the thymus, are lesponsibls for mediating the ceSular anmuna response. These ceBs 
do not recognize vidiole antigens but, sistaad, respond to short peptide fragments thereof bound to specoGzed 
protains vdsch appear on tin surface of tiie surface of a tvgat ceL More particuiariy, it appsare that proteins 
(ffodraed within tiie celt or taken op by the cd from the extreceflular nufiau, are continually degraded to pqitides 

30 by normal matabiAc pathways. The resdting short fragments associate with intracelhilar major Instocompatildity 
complei (BIHC) molecules end the MHC*peptide complexes are transported to tiie surface of the cd for recogmtion 
by T ceBs. Thus, tfm ceButar onmune system b constantly momtoring a M ^ectrum of proteins produced or 
nigested by the cob and b posed to ebdnate eny ceBs presenting f ormgn antigens or tumor entigens; le. virus 
miecied ceSs or cancer cds. 

35 The general stiuciuie of annMHieglobflin 6 QgG), the nost common of ma n u iuilia ii entiboifies, is shown 

nhematicaly in Figure 1. -As DusuaiadL IgG b a tetramerb proton complex comprisnig two identical heavy (H) 
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chains and two identical immunoglobulin light (L) chains. These chains are joined together by disulfide bonds to form 
the Y-shaped antibody complex. In solution however, the molecule takes on a more globular shape and readDy bind 
to toreign antigens present in biologica! fluids. 

Amino acid sequence analysis of immunoglobulins has led to the definition of specific regions with various 
5 functional acthrities within the chains. Each l^ht chain and each heavy chain has a variable region (V^ and Vh 
respectively) defined within the first 110 amino terminal residues. Three dimensional pairing of the Vi and Vh regions 
constitute the antigen-recognition portion or "antigen combining she" TAGS") of immunogtobuBn imtiecule. Because 
of the tetrameric nature of immunoglobulins, there are two identical antigen combining sites per molecule. The 
variabie domams of these chains are highly heterogeneous in sequence and provide the dhrersity for antQon combining 

10 sites to be highly specific for a large variety of antigenic structures. The heterogeneity of the variable domains is 
not evenly distributed throughout the variable regions, but is tocated in three segments, cafied complementarity 
determming regions TCDRs") des^nated COR 1, CDR 2 and CDR 3. For further information regarding these 
structures see Watson at aL, 1987, Mokcabr Bkbgy of the Gm, Fourth Edition, fienjamin/Cummings Publishing 
Co^ taCn Menio Park, CA incorporated herem by reference. 

15 Each of the heavy chains also includes a constant region definng a partioilar isotype and assigns the 

immunogtobulin to one of the immunogtobulin classes and subclasses. The constant region contains units called 
domains O-e. CNtt Chj, etc.) which do not vary significantly among antibodies of a single class. The constant region 
does not participate in antigen binding, but can be associated with a number of biological acthrities known as 
"effector functions", such as binding to Fc raceiitors on eel surfaces of antigen presenting ceDs (APC's) as weD 

20 as binding to complement proteins. Antigen presenting cells such as dendritic cells and macrophages are, among 
other featwes, generally distinguished by the presence of an Fc receptor. Consequently, if an antibody is bound to 
a pathogen, it can then 6nk to a phagocyte via the Fc portion. This allows the pathogen to be mgested and 
destroyed by the phagocyte, a process known as opsonization. Moreover, as w3l be discussed in more detail betow, 
various pathogenic antigens may be processed and displayed by the APC to further stimtdate an immune response. 

25 

Unlike the heavy chains, the light chains have a single constsnt donmin [Z^. A Bght cham pairs with a 
heavy chain through a disulfide bond which attaches heavy constant region Cm to C^. In adifition, the heavy chaois 
have a hbige region separating constant reghms C^ and C^ from the remainder of the molecule, h is this hinge 
region that is brgely respons3ile for the flexiiQity of the tetramer. The two heavy cbams of the molecule pair 

30 together through disuffide bonds at the junction between the Innge regum and 

in order to provide such an extenshre repertoire, immunogtobuim genes have evohred so es permit the 
production of vast immbers of Afferent inununoghibulin pratrins from a finite number of genes ie. inlnrent 
potymorpiusnL Due to odierent polymorphisni» mnnmals era able to produce antibodies to a seemingiy infinite variety 
ofantigens. For o review of bnnmnoghibniin genetics and protein structm see Lewin^ 

35 Sons. ILY. (1987) and Benjannn and Leskowitz. 1888, famnunotagy, Alan R. liss* inc« New York wKch is 
incorptorated harrai by reference. 
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In the past few years antibodies have become extremely important in diagnostic and therapeutic applications 
due to their diversity and specificity. Increasingly, molecular biology techniques have been used to expand the variety 
and avaHabifity of antibodies for scientific applications. For instance, a single antibody producing B eel! can be 
immortalized by fusion with a tumor cell and expanded to provide an in vhro source of antibodies of a single 
5 specificity known as a "monoclonal antibody" (mAb). Such an onmortal B cell line is termed a "hybridoma." 

Until recently, the source of most mAb has been murine (mouse) hybndomas cultured in vitro. That is, a 
mouse was typically injected with a selected antigen or immunogen. Subsequently* the animal was sacrificed and 
cells removed from its spleen were fused with nnmortal myeloma eels. Although they have been used extenshrely 
in diagnostic procedures, murine mAb have not proven to be wel suited for therapeutic applications m most mammals 
10 including humans, in part, this is due to the fact that murine antibodies are recognized as foreqn by other 
mammalian species and alich an immune response which may itseK cause illness or undesirable side effects. 

To overcome at least some of the problems of immune responses generated by foreign mAb and the lack 
of suitable human mAb, genetic engineering has been used to construct humanized chimeric immunoglobulin molecules 
which conta'm the antigen binding comphmentarity determbiing regions of the murine antibodias but m which the 
15 remainder of the molecule is composed of human antibody sequences which are not recognized as foreign. Such 
antibodies have been used to treat tumors as the mouse variable region recognizes the tumor antigen and the 
humanized portnn of the molecule is able to mediate an immune response without being rapidly eToninated by the 
body. See, for exan^te, Jones et aU Nairn, 321:522-525 (1986) which is tacorporated herein by reference. 

Other uses of such antibodies are detailed in co-pending U.S:S.N. 08f363^76 and PCT Publication No. WO 
20 94114847 which are also incorporated herein by rafaiance. to these cases epitopes of foreign antigens such as viral 
or bacterial ^litopes are grafted onto the bypervariable region of an immunogblniBn to induce a re^onse. That s, 
the engmeered antibodies are used as a vaccine to provoke an immune response and confer hmg term nimiunogenic 
mamory thereby ellowing the subject to fight off subsequent infections. 

These and more traditional vaccines are effective in that they stimulate both prongs of the bnmune system. 
25 Dnpite the intricacfes associated with the humoral component of the immune re^onse, it wouM not in and of itself, 
be c^bie of eff ecthrely protecting an animal from the myriad pathogenic assaults to vriiich it is subject each day. 
Rather, it is only the presence of a highly evohred cefluler response that allows higher organisms to survhre end 
proliferate. 

As mdicated above, T lymphocytes or T ceDs, which erise from precursors in the bone marrow, are central 
30 players n the immune response against invading viruses and other microbes. The progerator stem ceils migrate to 
tin thymus where, as so-called thymocytes, they become speciaBzei In particular, tiiey begin to display the receptor 
roobGoles that later enable mature T cells to detect infection. To be beneficial T cab must be able to attach 
through tbar receptors to microbial antigens (protein markers signafing an invader's presence). At the same time, 
diey should be bSnd to substances made by the body as aelf<ieactive T ceBs can destroy noninl tissues. TypicaDy, 
X only those thymocytes that malce useful rec^rtors wiB mature fuDy and «iter the Uoodstroan to patrol the body. 
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Others that would be meff ectua) or would attack the body's own tissue are, in healthy individuals/eriminated through 
apoptosis prior to leaving the thymus. 

Mature T cells that f inaDy enter the circulation, either as cytolytic T lymphocytes or T helper cells, remain 
at rest unless they encounter antigens that their receptors can recognize. Upon encountering the specific antigens 
5 for which the lymphocytes have affmity. they proliferate and perform effector functions, the result of which is 
e&nination of the foreign antigens. 

T ceOs have been classified into several subpopulations based on the different tasks they perform. These 
subpopulations mclude helper T cells (TJ, which are required for promoting or enhancing T and B cell responses; 
cytotoxic (or cytolytic) T lymphocytes (CTL), which directly kB their target cells by eeO lysis; and suppressor T cells 

10 (Ts) which down regulate the immune response. In each case the T ceBs recognize antigens, but only when presented 
on the surface of a cell by a specialized protein complex attached to the surface of antigen presenting ceils. More 
particularly, T cells use a specific receptor, termed the T ceB antigen receptor (TCR), which is a transmembrane 
protein complex capable of recognizing an antig«i in association with the group of proteins coBecthreiy termed the 
major histocompatibiBty complex (MHC). Thousands of identical TCR's are expressed on each cefl. The TCR is 

15 related, both in function and structure, to the surface antibody |non*secreted) which B cells use as their antigen 
receptors. Further, different subpopulations of T cells also express a variety of eel surface proteins, some of which 
are termed "marker proteins" because they ere characteristic of particular subpopulations. For example, most T^ cells 
express the ceO surface CD4 protebi, whereas most CTL and Ts cells express the ceD surface CD8 protein. These 
surface protems are bnportant in the initiation and maintenance of nrniune responses which depend on the recognition 

20 of, and interactions between, particular proteins or protein complexes on the surface of APCs. 

For some tone it has been known that the major UstocompatBiiGty complex or HHC actually comprises a 
series of glycosylated proteins comprising distinct quaternary structures. Generally, the structures are of two types: 
class I MHC which displays peptides from proteins made insUe the cell (such as proteins produced subsequent to 
vbal repGcation), and class II MHC, which generally ifisplays peptides from proteins that have entered the cell from 

25 the outade isohtble antigens such as bacterial toxins). Recognition of various antigens is assured by mherited 
polymorphism which continuously provides a diverse pool of MHC molecules capable of binifing any microbial peptides 
that may arise. Essentially, all nucleated cells produce and express class 1 MHC wiuch may exbHiit naturally 
occurring p^es, tumor assodated peptides or peptides produced by a viral invader. Conversely, only a few 
^eci^d lymphoid cells, those generally known as antigoi presenting produce mid express ctess II MHC 

30 proteins. Regardless of the cell type, both classes of MHC carry peptides to the ceO surface and pre^ them to 
restmg T lymphocytes. Ordinarily T^ cells recognize class II HHC-antigen complexes whSe CTL*s tend to recognize 
cbss I MHC-antigen complexes. 

When a restingT cell faevbig the appropriate TCR encounters the APC displaying the peptide on its surface, 
the TCR bmds to the peptide^MHC conqilex. More particuiarty, tamdreds of TCR's bmd to mmmrmis peptideJIOIC 

35 complexes. WhroeiioughTCRs are mtacted, the cumulative effect activates tin T ceO. Recqitors on T cells that 
are responsiUe for the specific recognitidn of, and rasponse to^ the MHC-antigan complex are composed of a coniplex 
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of several integrei plasma membrane proteins. As with the MHC complex previously discussed, a diverse pool of 
TCR's is assured by inherent polymorphism leading to somatic rearrangement. It should be emphasized that while 
the pool of TCR's may be diverse, each Individual T cell only expresses a single specific ICR. However, each T 
cey typically exhibits thousands of copies of this receptor, specific for only one peptide, on the surface of each ceil. 
In addition, several other types of membrane associated proteins are involved with T cell binding and act'nration. 

Actuation of the T cell entails the generation of a series of chemical signals (primarily cytokines) that result 
in the ceO takmg direct action or stimulating other cells of the inmiune system to act In the case of class I MHC* 
antigen activation, CTL's proliferate and act to destroy mfected cells presenting the same antigen. KOIing an 
infected cell deprives a virus of Gf e support and makes h accessible to antibodies, which finally efiminate it In 
contrast, acthration of T„ cells by class II MHC-antigen complexes does not destroy the antigen presenting cell (which 
is part of the host's defense system) but rather stimulates the ceO to proliferate and generate signals (again 
primarily cytokmes) that affect various cells. Among other consequences, the signaling leads to B cell stimulation, 
macrophage acthration, CTL differentiation and promotion of inflammation. The concerted response is relatively 
specific and b directed to foreign elements bearing the peptide presented by the dass II MHC system. 

When operating property the immune response is surprisingly eff ecthre at eliminating microscopic pathogens 
and, to a lesser extent, neoplastic cells. In general, the complicated mechanisms for self -recognition are very efficient 
and aUow a strong response to be directed exclushrely at foreign antigens. Unfortunetely, the immune system 
occasnnally malfunctions and turns against tiie cells of the host thereby provoking an autoimmune response. 
Typically, autoinmninity is held to occur when the antigen receptors on immune cells recognoe specific antigens on 
heahby cells and cause the cells bearing those particular substances to die. in many cases, autoimmune reactions 
are salf-imited in that they disappear when the antigens tiiat set them off are cteared away. However, m some 
instances the autoreactive lymphocytes surv'nre longer than tiiey shouM and continue to induce apoptosis or otherwise 
efiminate nonnal ceBs. Some evidence in anonals and humans mdicates that extended survhral of autoreacthre cells 
is implicated in at least two chronic autoimmune disorders, systemic hipus erythematosus and rheumatoid artiiritis. 

Other mechanisms of action are else thought to contriiute to the devetopment of varbus autoimmune 
iBsorders. For example, ov& the last few years it has become clear that the avidity of T celi-APC interactions 
dictates tiiyndc teaming and toterance to seH antQens. Accordmgly, high avidity mteractions teed to eGmmation of 
tfie T ceB whereas tow evidity interactions allow for maturation and exit from the thymus. Although this mechanism 
is effective in purging the immune system of autoreactivity,T ceO precursors endowed with self reactivity could stil 
be generated and migrate to the per^hery if the autoantigen is sequestered and does not achieve eff ecthre tevels 
of thymic presentation, is subletted to thymic crypticity, or is poorly presentel Moreover, superantigens capable 
of reacting with particular T ceD receptors and events that couU stimulate antigen minncry, epitope spreadii^ or 
per^heral loosenmg in peptide crypticity may tr^er activation of those seH'feactive T ceBs and cause antigen 
exposure. In any case, conti&umtssippiyd autoantigen and abomiant^^ 

MHC compkxes) are a Bceiy imchainsni of T cell aggresshrity. Examples of such a spontaneous break in selfv 
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tolerance indude multiple scterosis (MS), rheumatoid arthritis (possibly more than one mechanism) and type I diabetes 
aD of which are thought to be T cell mediated autoimmune diseases. 

Regardless of which mechanism is responsible for the corruption of the immune system, the results can be 
devastating to the individual For example, multiple sclerosis is a chronic, inflammatory disorder that affects 

5 approximately 250,000 individuats in the United States. The inflammatory process occurs primariy withm the white 
matter of the central nervous system and is mediated by T ceOs, B cells and macrophages which are responsible for 
the demyelination of the axons. Although the clinical course can be quite variable, the most common form is 
manifested by relapsing neurological deficits inchtding paralysis, sensory deficits and visual problems. 

Once immune calls have spread to the white matter of the central nervous system, the immune response 

10 is targeted to several different antigens on myelin. For example, there is a critical antBiody response directed to 
myelin that activates the complement cascade with membrane attack complexes appearing in the sp'mal fluid. 
Further, T cells are targeted to certain key portions of various myelin antigens such as those presented on myelin 
basic protein (MBP) and proteolqiid protein (PLP). The T ceils in turn produce cytokines which then infhience 
macrophages to attack the myefin and phagocytose large chunks of the myelin sheath. The concerted attack leads 

1 S to areas of demyelination impairing salatory conduction along the axon and producing and the pathophysiologic defect 
Multiple immune responses to several components of a supramolecular structure, like the myelm sheath in multiple 
sclerosis or the pyruvate dehydrogenase complex m primary biiary cirrtiosis, are common in indhriduals with 
autoimmune diseases involving discrete organs. 

Treatments for autoimmune diseases have met with varying levels of success. For example, it is often 

20 possBile to correct organ-specific autoimmune disease through metabofic control Where function is tost and cannot 
ba restored, mechanical substitutes or tissue grafts may be appropriate. However, no effecthre treatments exist for 
severel of the most disabSng dborders including MS. WhSe a number of compounds, inchiding corticosterioids and 
modified beta interferon, can reduce some symptoms of MS, they have proven to have serious side effects or 
otherwise beoi shown to be less than desirable for hmg term use. Other avenues of treatment have shown promise 

25 but have yet to be shown effective. 

to thb respect, one pronnnng treatment for MS b desaibed in WO 96/16086, incorporated herein by 
reference, which discloses the use of peptide analogs of myeCn basic protein (MBP). Compositions comprising these 
enalogs are reportedly able to ameGorate symptoms of MS without excesshre side effects. Moreover, use of peptide 
anatogs to my^ constitutive proteins were abo shown to be effective in treatng the symptoms of experinnntal 

30 aOergic encephalomyelitis (EAB, an organ specific immune fisorder eftoi used m nuce as a model for AK. 
SpedficeBy, reversal of EAE was adueved witii a peptide analog derived from proteoEpid (PLP) peptide (Kuchroo et 
d^JLi0mnialL1S3:3326^S, 1894, inconiorate^ It was shown tint when tiie major TCR 

cimtacting residues witiun tin oaturaDif occurrbig PIP peptide were ^ 

as wel es tin oatural peptide yet does not activate PLP specific T ceBs. Instead the PLP analog inhUts m rab 
35 activation of tin T ceBs. 
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While peptide analogs represent an attractive approach to modulate the effector functions of aggressive T 
cells and ameliorate autoimmune diseases, several problems limit their effectiveness. For instance, only a few MHC* 
peptide complexes are available on the surface of a typical APC meaning a single complex may be required to sertaOy 
trigger about 200 TCRs to activate the T cell Where the autoantigen is continuously avaDable for normal 
S processing and presentation by the MHC system, it appears that very few surface MHC complexes would be avaDable 
to bind the peptide analog. Further, as free peptides typically have very short hatf-thres, they are not read9y 
mcorporated and processed by the MHC-antigen presenting system, fittle wOl be naturally expressed on the APC. 
Due to the inefficient presentation, direct mhSiition of the thousands of TCR's on each T cell likely require 
proiubitnrely high intracellular levels of free peptide. The turnover of ceO surface MHC molecules also contributes 

10 to the short stay of complexes fomned at the extracellular mifieu (im. MHC class II motecutes have been in the cell 
surface for some time before binding the extraceSular peptide) whie complexes formed in the endocytic compartment 
wiD reside lor a normal period of time because they have just been transhicated to the cell surface. FinaByr as 
previously alluded to, administration of such synthetic epitopes or anelogs is extremely problematic in view of the 
short half-Gfe of peptides m the mammaGan body. Between the short half-fives of the MHC complexes and the 

15 edministered peptides, effecthre exposure is too brief to penrnt the induction of a satisfactory immune response 
further necessitating higher doses. 

Accordingly, it is a general object of the presem invention to provide methods and associated compositions 
for ef fect'nrely modifying the immune system of a vertebrate to treat an immune disorder. 

h is another object of the present invention to provUe methods and compositions for the effective 

20 presentation of T ceO receptor antagonists or agonists to modulate the ce&ular immune response in a subject m need 
thereof. 

It is yet a further object of the present invention to providB roetiidds and compositions for the treatment 
and amefioration of various immune disorders. 

It b yet another object of the present invention to provide methods and compoations for the induction of 
2 T ceO tolerance in neonates or infants. 

It is stai another object of the present inventbn to pravhie for the relief of pathological symptoms 
associated witii autoimmune disorders incktding multiple sclerosis. 

Summarv of tlie hwention 

30 These and other ob^ctives are accomp&shed by the methods and assoceted compounds and coropoations 

of the preseit invention which, in a broad aspect provides for an Fc receptor mediated, endocytic defivery syston. 
fai selected embodiments the mvention provides for the effective presentation of immunosuppresshre factors which, 
in preferred embodiments may comprise T cell receptor antagonists or agonists. More particularly, the present 
tavention provides methods, compounds and compositions to present immimosuppresshre factors for the selecthre 

35 moiGficetion'Of an immune re s pon s e 01 e vertebrate, b pertictdarly preferred embodimentSr the nvention provides 
for Fc receptor mediated endocytic presentation of a selected T ceB receptor entagonist or agonist to nunhdate an 
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immune response mounted against a specific antigen. As wO) be appreciated by those skilled in the art, the disclosed 
methods and compositions may be used to treat any physiological disorder related to the immune response of a 
vertebrate. For example, this ability to suppress selected components of the immune system may allow, among other 
thmgs, for the treatment of autoimmune diseases, facifitation of tissue or organ transplants and the mit^ation of 
5 symptoms produced by allergens. Moreover, the present invention further provides for the induction of tolerance in 
neonates and infants with regard to autoantigens. 

In preferred aspects of the invention, the endocytic presentation of the selected immunosuppressrve factor 
is facifitated through the use of an immunomodulating agent that is able to bind to the Fc receptor (FcR) of antigen 
presenting cells. Typically, the immunomodulating agent will comprise at ieast one immunosuppres«ve factor 

10 associated with at least one figand capable of binding to a Ft receptor. Upon binding to the ant^en presenting cell 
(APC) the immunomodulating agent will be internalized and processed by the APC's natural endocytic pathway. 
Preferably, the internafized immunosuppresshre factor, which can be a T call receptor antagonist or agonist, will then 
be associated with the newly synthesized endogenous MHC class 11 structures and presented at the surface of the 
APC. Those skltlpd in the art w31 appreciate that the immunosuppresshre factors, while complexbig with T cell 

15 receptors when bound to MHC class It structures, will not promote activation of the T ceO. It will further be 
appreciated that hundreds of TCR's on each T ceQ must be triggered in order to activate the ceL Accordingly, 
efficient presentation of an appropriate TCR antagonist or agonist can prevent a previously primed T cell (le. one 
sensitized to a particular autoantigen) from actuating and triggering an immune response despite competitive 
presentation of the naturally occurring autoantQen. 

20 in a broad sense, the immunomodulating agents of the present invention may comprise any ligand (FcR 

igand) that is capable of bindng to, and being mtemafized by, the Fc receptor of an antQen presentng cell That 
is, the FcR ligand may be any protem, protem fragment peptide or molecute that effectively binds to a Fc receptor 
on the surface of any antigen presenting cefl. Preferably, the FcR ligand will comprise or mimic at least some portion 
of a constant region of an immunoglobuiin molecule and wffl not provoke an antigenic response in the subject. In 

25 selected espects of tiie invention, the FcR Ggand wil comprise part or aD of a constant region from an IgG molecute. 
Particularly preferred embodiments wiD employ FcR ligands comprising the entire constant region of a selected 
immunogbbufin molecule from the species to be treated. Of course, it wiD also be appreciated tiiat binding to the 
Fc meptor may dso be effected by Egands that comprise smaD fragments of a singte constant region domams or 
non amino acid based molecular entities. In any case, the FcR ligand may be derived using modern pharmaceutical 

30 techniques such as directed evohition, combinatorial chemistry or rational drug design. 

As previously alluded to, the compounds of the prennt invention further omtprise an immunosuppresshre 
factor associated with the FcR figand to provide an immunomodulating agent. For the purposes of the instant 
invention the inununosuppressve factor can be any moteodar entity that is capable of fanng processed by an APC 
and presented in association witii dass U MHC molecutes on the ceB surfece. In particularly preferred onbodimants 

35 the immonosuppresave factor comprises aO or partef a T cd antagonist For tiie purposes of tins disdosuie the 
term "antagonist" shall, in accordance witfi its normal meaning, comprise eny substance that biterferes witii the 
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physiological action of another by combining with, and blocking, its receptor. More particularly, TCR antagonists 
are molecular entities that, in combination with class II MHC molecules, are capable of non-reacthrely associating 
with a T cell receptor and preventing that receptor from binding to its normal actwatmg antigen ligand (Le. an MHC* 
peptide agonist). Preferably, the TCR antagonist comprises a peptide or protein fragment that is an analog of the 
normal activating antigen agonist. In particularly preferred embodiments the TCR antagonist is an analog of a T cell 
epitope* 

in other preferred embodiments the immunosuppresshre factor may comprise a T cell agonist that forms a 
MHC complex which does not acth/ate the primed TCR upon binding. For the purposes of the present disclosure, 
the term "agonist" shad be used in accordance with its conrnionty accepted biocheimcal meanmg. In this regard It 
will be appreciated that, wh'de the T cell agonist may be any moieaite that provides the desired immunogenic result, 
the selected agonist wiD preferably comprise a peptide or protem fragment. Moreover, those skilled in the art will 
appreciate that immunomodulating agents con^rising one or more T cell receptor agonists may be combined with 
immunomodutating agents comprising one or more T cell receptor antagonists to provkle pharmaceutical f ormulatkms 
.that may be used to selecthrely attenuate a patent's immune response. 

In the diseased compounds and associated methods, the FcR Bgand is associated with the 
immunosuppressive factor to form an immunomodulating agem so that both are mternalized by the APC at 
substantiaDy the same time. This association may be in the form of two or more molecuies bound to each other 
as with an antfliody-antigen complex or, in preferred embodiments, may comprise the f ormatuin of a singte dnmeric 
moiecuie incorporating both the immunosuppresshre factor (Le. a TCR antagonist or agonist) and FcR Ggani For 
eiampie. a selected TCR entagonist could be chemically linked to an FcR ligand repm produced by proteolytic 
techniques (i^e. an Fc fragment). Other embodiments may comprise a normal imnumogtabuBn comprising an FcR Ggand 
stericaBy bound to an antagomstic or agonistic peptide. Particularty preferred embodiments of the invention comprise 
chimeric immunoglobulins produced through genetic engineering techniques, ta these compounds the FcR Ggand (and 
usually the majority of the moiecuie) comprises one or more immunoglobufin constant regbns while one or more of 
the variable regtons is eng'meered to express a desired peptide TCR antagonist or TCR agonist Those skilled in the 
art wS apprecbte that any comb'mation of the af oremaitioned immunomodulating agents may be assoceted to form 
compositnns of the present inventfam as can sindar inmumomodulating agents comprising different immunosuppresave 
factors. Moreover, as previously alluded to, mixtures or "cocktaBs" of various immunomodulating agents are 
specifically contemplated as falling within the scope of the present mvoitkm. 

The disclosed compositrans may be formulated using conventional pharmaceutical technques and canrsrs 
and may be administered through the usual routes. However, the use of FcR meiGated uptake of the 
immunomodulating agent avoids many of the problems associated with prmr art compositions. More specif icaOy, the 
methods of the present invention overcome meny of the fimitations assodated with the administration of tree peptide 
antagonists as disclosed in the prior art Acconfingiy, effident endocytic presentation of an immunosupprossive 
factor such as a TCR antagonist can generate signifsant levels of MHC-antagonist igands to oppose abundant MHC- 
. autoantigenic complexes that are genmted in spontaneous jmmun disordais.mvahing the continuous presentation 
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of an autoreactive antiQen. As such, the invention may be used to treat any immune disorder that responds to the 
presentation of immunosuppressive factors. This is particularly true of T cell mediated autoimnnine disorders 
including, for example, multiple sclerosis, lupis. rheumatoid arthritis, scleroderma, insulin-dependent diabetes and 
utcerativB cofitis. In a Bke manner, the present invention can be used to selectively downregulate the immune system 

5 with respect to continuously presented agonists such as allergens. Further, the compounds and associated 
compositions of the present invention may be used to seiecthrely suppress varuius components of the immune system 
to reduce the likelihood of tissue or organ rejection following transplant. 

In addition, it has been surprisingly found that the compounds, compositions, and methods of the present 
invention may be used to induce tolerance to various autoantigens in neonates and infants. More particularly, the 

10 present invention further provides compositions and methods for conferrmg resistance in neonate or infant mammals 
to the induction of an autoimmune disease during aduh He. In accordance with the teachings herein this neonatal 
tolerance is characterized by a lymph node deviation and unusual gamma tnterf eron-mediated splenic energy upon 
challenge with the appropriate autoantigen. Further, in preferred embodinmts the present invention may provMe for 
the induction of the denred neonatal tolerance without the use of adjuvants (such as incomplete Freund's adjuvant). 

15 

Other objects, features and advantages of the present invention wiD be apparent to those skBled in the art 
from a consideration of the following detailed description of preferred exemplary embodiments thereof taken in con- 
junction with the figures which wdl first be described briefly. 

20 Brief Descrintion of the Drawmos 

Figs. 1 A and IB are schematic representations of chimeric immunogbburm 6 (IgG) nralecules iOostrating the 
general features thereof end the mchision of foreign peptides wititin tiie COR 3 loop of the heavy chain variable 
region wherein Rg. 1A (Ig-PLPl) shows the insertion of a naturally occurring peptide PLP1 (agonist) derived from 
proteolipid protem while Fig. IB (Ig-PLP LR) Hlustrates an imrnunomodubting agent comprising the inclusion of a 

25 pqitide analog (antagonist) to PLP1 termed PLP-LR; 

Figs. 2A and 28 are graphical representations flhistrating the capture of chimeric entiiodies ig-PLP1 and 
Ig-PLP-LR, which correspond to tiiose shown in Figs. 1 A and IB respecthrety, usmg antBiodies directed to the 
corresponding free peptides where'm Fig. 2A shows capture levds by ant9)od'ies directed to PLP1 and Fig. 2B shows 
capture ieveb by antibodies directed to PLP-LR witit Ig-W. a wid type antBiody, acting as a negathre control; 

30 Figs. 3A and 3B are graphs ffiustrathg tiie presentation of Ig-PLPI and Ig-PLP-LR (as well as posithre and 

negative controls) to PLPVspecif'ic T cell hybridomas 4E3 (Fig. 3A) and 5B6 (F^. 3B) to determme tiie relathre T ceB 
activation potentials of the chimeric Dnmunogtobursis as measured by IL-2 production; 

F^. 4 6 a graphical representetion aiustrating tiie relative effectiveness of presenting PLP1 using tiie 
chimeric antbodies of tiie present invention (Ig PLPl) versos die free peptide PLP1 or tiie native proteo^id proton 

35 (PLP) as measured by levels of tL-2 production foOowiq incubation witfi splenic SJL antqen prottnting eels and 
PLP1 specific 4E3 T ceD hybridonn; 
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Figs. 5A, 5B and 5C are graphical comparisons showing Ig-PLP LR antagonism of PLP1 (5AI lg-PLP1 (5B) 
and PIP (50 mediated T cell activation as measured by IL-2 production by T cefl hybridoma 4E3 in the presence 
of SJL splenic APCs that were previously incubated with the respecthre agonist and various levels of tg-PLMR or 
controb; 

5 Fig. 6 is a graph showing the relative antagonism of Ig-PLPZ Ig-PLP-LR and Ig-W as measured by the 

production of 11-2 by T cell hybridoma HT-2 in the presence of SJL splenic APCs that were previously incubated with 
native proteofipid protein In combination one of the aforementioned immunoolobuOns; 

Figs. 7A and 7B are graphs demonstrating the m mo presentation of PLP1 following inoculation with ig* 
PLP1 as measured by ^H thymidine incorporatbn by cells from the lymph node (7A) or the spleen (70) wherein the 
10 iDustrated values represent the abOity of ceHs harvested from indhrUual mice to generate a T cell response as 
measured by ^-thymidine incorporation when exposed to agonist PLP1 or the control peptide PLP2; 

Figs. 8A and 8B are graphical representations showing the abilfty of Ig^PLP-LR to reduce the enmune 
response to PLP1 peptide when co-administered with lg-PLP1 as measured in murine cells from the lymph node I8A) 
or the spleen (SB) wherein the Wustrated values r^resent the ability of cells harvested from indhridual mice to 
15 generate a T cell response as measured by ^-thymidine incorporation when exposed to PLP1; 

Fqs. 9A end 9B are graphs demonstrating that mice inoculated with a nnxture of tg-PLP-LR and Ig-PLPI 
develop a more vigorous immune response to the peptide analog PLP-LR than peptide PLP1 as measured m cells from 
the lymph node (9A) or the spleen (9B) wherein the ilustrated vahies represent the ability of cells harvested from 
hifividual subjects to generate a T ceD response as reflected by ^thymidine incorporatkin vvhen exposed to either 
20 PLP1 peptide or the peptide analog PLP4J). 

Figs. 10A-10D are graphical representations of lymph node proEferathre responses to immunization with Ig- 
PLP clumeras with mice indnriduaOy tested in trjpGcate wells for each stimulator and where the indicated cpms 
represent the mean i SD after deduction of background cpms; 

Ftg. 11 is a graphh:al representathin of lymph node T cell proGferethre response to co-immunization with 
25 IgflPI and Ig-PLPLR with stimulators comprising PPD, 5 //girat PLP 1« PLP-LR, and PLP2 at 15 /ig/mt 

Fig. 12 is a graphical representation of sptenic proEferative T cefis responses of mice immunized with ig-W, 
lg*PiP1, IG PLP-LR and combinations thereof when stimulated with PLP1 (filled bars) and PLP-LR Qiatched bars) in 
triplicate wells; 

Figs. 13A-13C are graphical representations of IL*2 (13A), My (13B), and IL4 (13CI production by splenic 
30 cdls of mice immunized with Ig-W, Ig-PLPI, ig-PLP-LR and combmations thereof; 

Figs. 14A-14D graphcaDy i&ustrate proliferation of antigen experioiced T cells from mice immumzed with 
Ig-PLPI (a and b) or Ig PLP-LR |c and d) in CFA upon stimulation in vitro vrith PLPi peptides, PLP-LR peptides and 
nuituios thereof; 

Figs. 15A and iSB are graphical representations of IL-2 production by antigen experienced T ceDs mmiumzed 
35 with lgfl.P1 (ISA) and IgflP-LR (ISB) upon in vitro stimulation with PLPI paptala. PLP-LR pqitide or matures 
thereof; 
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Figs. 16A and 166 graphically Olustrate that neonatal mice injected with Ig-PLPl and ig-W resist induction 
of EAE with clinicallY derived curves shown for aD mice |16A) and for surviving mice (16B); 

Ftgs. 17A and 176 graphically show in vivo presentation of lg-PLP1 by neonatal thymic (17A) and splenic 
(17B) antigen presenting cells following injection with lg*PLP1 or ig*W within 24 hours of birth; 
5 Ftgs. 18A and 186 graphically illustrate lymph (ISA) and splenic (188) proliferative T cell response in mice 

injected with tg-PlPI or Ig-W shortly after birth upon stimulation with free PLP1, PLP2 or a negative control peptide 
corresponding the encephalitogenic sequence 178*191 of PLP; 

Figs. 19A-1SC graphically represent lymph node T ceH deviation as measured by production of IL-2 (19A). 
IL4 (19B), and My (190 in mice treated with ig*PLP1 shortly after birth and stimulated with free PLP1 or PLP2; 
10 Figs. 20A-20C graphically represent splenic T cell deviation as measured by production of IL-2 (20A)» \\A 

(20BL and IMF/ (20C) in mice treated with ig-PLPI shortly after birth and stimulated with free PLP1 or PLP2; 
and 

Fig. 21 graphically illustrates cytokine mediated restoration of splenic T ceR profiferation in mice injected 
with Ig-PLPI shortly after birth, immunized with free PLP1 at seven weeks and stimulated with free PLP1 with the 
15 cells grown m control media (NIL) media with IL-12 and media with INFk with the indicated cpms for each mouse 
representing the mean ± SO of triplicate weOs. 



Detaged Descrintien pf the Piefefied fafaoiBmBnt 

20 Wide tlw present invention may be enAodsd in many different forms, disclosed herem are spacific 

flustrative embodonents thereof that exemplify the prhc^^ of the invention, h shouU be emphaazed that the 
present invention is not limited to the specific embodiments iHustrated. 

As previously abided to, the present invention provides compounds, compositions and methods for selectively 
moiBfying the immune response of a vertebrate using an Fc receptor mediated endocytic deGvery system. EssentiaBy, 

ZS any immunomodulating agent that can exploit this form of ceOular uptake to downregulate tiie immune system is held 
to constitute part of the present invention. Among otiier forms, the immunomodulating agems of the invention may 
comprise singte polypeptides, ant^en-antSiody con^iexes, chkneric antOiodies or non-peptide based immunoactive 
compounds, bi preferred embodiments the immunomodulating compounds discb^ herein wiD comprise at bast one 
FcR igand and at best one immunosuppresshre factor tiiat h capable of dowivqulating en immune response upon 

30 endocytic presentation. Particularly preferred embotfiments of the nvention comprise an immsnomodulating agent 
wherein tiie immunosuppresshre factor is a T ceD receptor antagonist or agonist tiiat is capable of bmding witii a 
receptor on the surface of e primed T cell but not capable of generating an anmunogenic response. In such 
embodiments, the presented immunosuppresshre factor virifl effectively conqiete with selected naturally occurrmg 
aotoantigens thereby preventing the activation of the corresponding primed T ceOs and reducmg the response 

35 generate! This selective suppression of the immune system may, among etiier inificatioas, be used to. treat 
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symptoms associated with immune disorders, including T cell mediated autoimmune disorders, allergies and tissue 
rejection m transplant operations. 

Accordingly, in one embodiment the present invention comprises an immunomoduiating agent for the 
endocytic presentation of an immunosuppressive factor on the surface of an antigen presenting cell of a vertebrate 
5 comprising at least one Fc receptor ligand and at least one immunosuppresshre factor. Preferred embodiments 
comprise a Fc receptor ligand corresponding to at least a part of an immunoglobulin constant region domain while 
the immunosuppressive factor corresponds to at least one T cell receptor antagonist. Other preferred embodiments 
incorporate an immunosuppressive factor comprising a T cell receptor agonist in particularly preferred embodiments 
the immunomoduiating agent comprises a recombinant polypeptide or a chimeric antibody. 

10 By exploiting FcR mediated uptake of the selected bnmunomodubting agent the present invention very 

cleverly uses the body's own metabolic pathways to downregulate harmful mmiune responses. More specifically, 
the present invention uses the fact that T cells only recognize and respond to foreign antigens only when attached 
to the surface of other cells. Selection of the appropriate immunomoduiating agent or agents m accordance with 
the teachings herein provides for the efficient uptake of the administered compound. Following FcR mediated uptake, 

15 the natural endocytic pathway of antigen presenting cells provides for the effecthre presentation of the selected 
nimunosuppresshre factor complexed with the MHC dass II molecules. 

As described above, the two requisite propartes that attow a ceO to function as an ant^en presenting cell 
for class II MHC-restricted helper T cell lymphocytes are the abiity to process endocytosed antigens and the 
expression of dass II MHC gene products. Most cells appev to be abb to emtocytose and process protein antqens. 

20 Acconfingly, the determining factor appears to be the expression of class I MHC molecules. In this respect the best 
defined entigen presenting cells for he^r T lymphocytes comprise mononuclear phagocytes, B lymphocytes, dendritic 
eels, Langerhans ceDs of the skin and, in some mammals, endothelial eels. Of cowse it wil be appredated that 
different cells may be concentrated in different areas and may be mvolved in different stages of the T cell mediated 
knmune response. In any case, the term "antigen presenting cell" or "APC as used herein shall be heU to mean 

25 any eel capabte of indudng a T ceO meifiated immune response through the processing and surface presentation of 
an MHC dass U-antigen complex. As such, the selected FcR Egand may mteract with any of a number of different 
Fc receptors found on a variety of cefl types to promote endocytosis of the immunomoduiating agent By way of 
example only, sekcted human Fc receptors that may be employed indude the FcyRI, FckRIIA, FckRUB, FckRUIA or 
FcpRlliB subfamBies. 

30 More generally, m accordance with the present mvention those sldOed in the art wil appreciate that any 

Egand capable of bmding to an FcR complex and initiating endocytosis is compatdile with the present invention and 
may be incorporated in the disdosed mmunomodulating agents. Accordmgly, FcR figands may comprise, but are not 
Em!t«i to, peptides, protems. protein derivatives or smafl molecular entities that may or may not incorporate andno 
adds. For exan^le, small molecules derived using modem biochemical techniques sudi as combmatorial cbeimstry 

35 or rationd drug design may be empfaiyed es famg as they provide for the reqdate APC uptake. 
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WhOe H must be emphasized that any type of compat&ie molecule may be used, the FcR ligands of the 
present invention wdi preferably comprise one or more peptides. More preferably, the FcR figand will comprise at 
teast a part of a domain of a constant region of an immunoglobulin. In particularty preferred embodiments the FcR 
ligand wffl comprise one or more domains derived from a constant region of an immunoglobulin molecule. Those 

5 skHled in the art w9l appreciate that various immunoglobulin isotypes and allotypes may be employed as desired. 
For example, compatible FcR ligands may be selected from amino acid sequences corresponding to those found in 
the constant regions of IgG, IgE. IgA or IgM. Among other factors, selection of a particular isotype for use as a 
FcR ligand may be predicated on biochemical properties such as bmding coefficients or low Bmnunoreactinty in the 
species to be treated. Similarly, the selection of a single doma'm. fragment thereof or multiple domains may he 

10 datflrminad based on biochemical factors or, ultimately, presentation efficnncy. 

Yet, efficient presentation via the endocytic pathway Is typically not enough to selecthreiy downregulate 
the Immune response with regard to a particular antigen. Accordingly, nrnnunomodubting agents of the present 
mvention further comprise an immunosuppresshre factor. In accordance with the scope of the present invention the 
inmunosuppresshre factor may be any compound that, when endocytically processed and presented on the surface 

15 of an APC in conjunction with a MHC class II comptex, will downregubte the immime system. As such, 
immunosuppressive factors may comprise small molecules, peptides, protein fragments, or protein derhrathres. In 
preferred embodiments the immunosuppresshre factor acts as an antagonist when presented on the surface of the 
APC in that it mterferes with the bind'mg of a simiarly presented agonist to a selected receptor. In particularly 
preferred embodmnu the immunosuppressive factor comprises a T ceD receptor antagonist that wiD associate with 

20 a T eel receptor without acthrating an immune response. Further, other embodiments of the imremion comprise 
immunonrodulating agenu mcorporatmg T ceD receptor agonists that reduce the inmime response to the suiject 
autoantigen. 

While any functionally compatible molecule may be used as an immunosuppresshre factor in accordance with 
the present invention, those skOled in the art wSl appreciate that protein fragments or peptides are particularly 

2S suttabte for use .In the disclosed compounds and methods. Such molecules are readily processed by the normal 
endocytic pathways and are easily presented in concert with the MHC dass II molecules on the surface of the 
antigen presenting ceL Moreover, as the majority of agonist compounds evoking an unwanted immune response are 
typically protein fragments, T ceQ receptors are usually most responshre to smBar fragments whether they are 
agomsts or antagonists. In particularly preferred embodiments, the immunosuppresshre factor w3l be an anatog of 

30 a selected peptide or protein fragment that is immunoreacthre with a chosen T cell receptor. 

"Pqittde analogs" or "analogs," as used herem, contain at teast one different anuno acid in the respective 
corresponding set|uences between tiie analog and the native protein fragment or peptide. Unless otherwise mdicated 
a named amino add refers to the L-form. An L-amino acid from the native peptide may be altered to any odw one 
of the 20 L-amino adds commonly found in proteins, any oin of the corresponding D-anuno adds, rare amino ttids. 

35 such as 4*hydroxyprofine. and hydroxylysne, or a noofroteoi amino add, such as B-abmne and homoserine. Abo 
induded with the scope of the present invention are amino adds vrhidi have been altered by chemical means stich 
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as methylation (e.g., a methylvalinel amidation of the C-terminal amino acid by an alkylamine such as ethylamine, 
ethanolamine, and ethylene diamine, and acylation or methylation of an amino acid side chain function (e.g., acylation 
of the epsilon amino group of lysine). 

Methods for selecting efficient peptide antagonists for treating multiple sclerosis (MS) are provided in PCT 

5 Publication No.: WO 96/16086 which has previously been incorporated into the instant application by reference. The 
disclosed methods may be used in concert with the present invention to provide effecthfo immunosuppressive factors 
for incorporation in the disclosed immunomodulating agents. For examplCr using assays detaBed below candidate 
peptide analogs may be screened for their ability to treat MS by an assay measuring competitive binding to MHC, 
T cell proliferation assays or an assay assessing induction of experimental encephalomyelitis (EAE). Those analogs 

10 that inhibit binding of the native autoreactive peptides, do not stimulate proGferation of nathre peptide reactive cell 
Bnes and inhibit the development of EAE (an experimental model for MSI by known autoantigens are useful for 
therapeutics. Those skilled in the art will appreciate that ssnilar types of assays may be used to screen 
mvnunosuppresshre factors for other nathre peptides fi-e. continuously presented autoantigens) and other knmune 
disorders. In particularly preferred embodiments the sehcted inununosuppresswe factors comprise anatogs of t cell 

15 epitopes. 

More generally, imrnunosuppresshre factors may be derived for a number of diseases having a variety of 
imnuinoreacthre egents without undue experimentation. For example, peptide analog antagonists or agonists may be 
generated for T cell epitopes on both proteolipid protein or myelin basic protein to treat multiple sclerosis. Simiariy, 
T ceo receptor antagonists or agonists may be derived from T cell epHopes of the pyruvate deliydroB8M» complex 

20 to treat primary blBary cirriiosis. In both cases the thrived nununosuppresshre factors wiD be incorporated m a 
onmunomodulating agent as descrBied herein end administered to a patient in need thereof. Effecthre presentation 
of the immunosuppresshre factor will selecthrety reduce stimulation of the autoreactive T ceUs by nathre peptide 
thereby refieving the symptoms of the subject immune disorder. 

The selected immunosuppressive factor and FcR Bgand, together comprising an immunomodulating agent, 

25 may be effecthrely administered in any one of a number of forms. More particularly, as described above, the 
immunomodulating agents of the present invention may combme any form of the respective elements that are 
functionally effecthre in selectively siqipressing the inmuine response. For exenqile, the immunomodulating agent may 
comprise a recombinant polypeptide or protem produced uang modem motecular bratogy technhiues. In such cases 
the ftH Bgand may comprise a fragment of a single immunoglobufin region constant domain or, preferably, the entire 

30 constant region. In other embodiments the Dnmunomodutating agent may comprise a sterically bound antibody-antigen 
complex wherein the antigen comprises a T cell receptor antagonist or agonist Other preferred embodiments feature 
an immunomodulating agent comprising a chimeric antibody wherein an immunosuppresshre factor is expressed on 
the Fab fragment hi still other embodiments tiie inmunomodolating agent may comprise two covatandy Ertked 
molecules which comprise a effecthre FcR figand ami Dnmunosuppressive factor respectively. 

35 Particularly preferred embodiments of the mstem invention viriD em[doy recombhant micleotide constructs 

to code for immunomodulating agents comprising s soigle fuson polypeptide. Those skBled bi the art wiD appreciate 
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that standard genetic engineering technology can provide fusion proteins or chimeras that w2) comprise at least one 
FcR ygand and at least one immunosuppressive factor. As used herein the terms "chimera" or 'chimeric" wUI be 
used in their broadest sense to encompass any polynucleotide or polypeptide comprising sequence fragments from 
more than one source. For example, a genetically engineered polypeptide incorporating a peptide TCR antagonist and 
a single Fc domain from an IgG molecula could properly be termed a chimeric or fusion protein. Simaarly, a chimeric 
antibody may comprise a recombinant heavy chains engineered to incorporate a heterologous peptide 
immunosupprassive factor and a wild type light chains. For the purposes of the present invention, it is not necessary 
that the disparate regions be derhred from different species. That is, a choneric antbody may comprise human Bght 
and heavy chains and an engineered human TCR antagonist expressed in a CDR. Conversely, chimeric 
immunomodulating agents may comprise FcR ligands and Immunosuppresshre factors derived from different species 
such a human and mouse. As such, one aspect of the present inventun comprises recombinant 

polynoclaotBie molecule encoding a polypeptide wherem said polynucleotide molecufe comprises at least one luiclaotide 
sequence corresponding to a Fc receptor igand and at least one nucleotide s«)uence corresponding to en 
immunosuppressive factor. Preferably the immunosuppresshre factor w31 correspond to a T ceB receptor antagonist 
or agonist and the Fc receptor Kgand corresponds to at least one constant region domam of an immunoglobulin. In 
a particularty preferred embodiment the polynucleotide molecule encodes a nucleotide sequence corresponding to an 
nununoghbufin heavy chain wherein a complementarity determinmg region has been at least partially deleted and 
replaced with a nucleotide sequence corresponding to a T cefl receptor antagonist or agonist. Compositions 
compriang matures of immunosuppresshre factors may also be used effectively in accordance with the teachmgs 
herein. 

In any case, DNA constructs comprising the desired immunomoduieting agents may be expressed in luther 
prokaryotic or eukaryotic cells using techniques welt known in the art See, for exanqple, Mantatb, et aL, Mokadar 
Oonkg: A Laboratory Manual, Cold Spring Hartior Laboratory, New York, 1982 which is mcorporated herein by 
reference. In preferred embodiments the engineered plasmid vinO be transf acted into immortal cell lines which secrete 
the desired product As known in the ert such engin^red organisms can be modified to produce relatively h^h 
levels of tiie selected immunomodulating agent Alternatively, the engineered motecutes may be expressed m 
prokaryotic ceDs such as L coH Whatever production source is cnployed, products may be separated and 
subsequentiy formulated into de&verabte compositions using conunon luochenucal procedures such as fractionation, 
chrom a t og raphy or other purification methodofaigy and conventional formulation techmques. 

Accordingly, anotiier aspect of the invention comprises a metiiod for produdng an immunomodulating agent 
for the endocytic presentation of an ommmosuppresshre factor on the surface of an antigen presenting ceD of a 
vertebrate comprising the steps of: 

a. transforming or transfecting suhdile host ceBs with a recombinant polymicieoftle mohcide 
comprisbig a nucleotide sequence whnh encodes a polypeptide comprismg at least one Fc recq)tor Bgand end at hast 
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b. culturing the transformed or transfected host ceils under conditions in which said celts express 
the recombinant polynucleotide molecule lo produce said polypeptide wherein the polypeptide comprises at least a 
part of an immunomodulating agent; and 

c. recovering said immunomodulating agent. 

5 Similarly, another aspect of the invention comprises transfected or transformed cells comprising a 

recondiinant polynucleotide molecule encoding a polypeptide wherein the polypeptide comprises at least one Fc 
receptor Kgand and at least one immunosuppressive factor. 

In both of the preceding aspects, the immuROSuppresshre factor is preferably a T cell receptor antagonist 
or agonist and the Fc receptor ligand preferably comprises at least part of an immunoglobuBn constant regmn domain. 

10 More preferably, the immunomodulating agent comprises a poly peptide or cMmeric antbody fAimm at least one 
complementarity determining region (CORi has been replaced with a T cefl receptor antagonist or agonist. 

It will further be appreciated that the chimeric antibodies, polypeptides and other constructs of the present 
invention may be administered either alone, or as pharmaceutical composition. Briefly, pharmaceutical compositions 
of the present invention may comprise one or more of the immunomodulating agents described herein, in combination 

15 with one or more pharmaceutically of physiologically acceptable carriers, dihients or exdpients. Such composition 
may comprise buffers such as neutral buffered saline, phosphate buffered saline and the See, carbohydrates such 
as glucose, mannose, sucrose or dextrans, mannitol, proteins, polypeptides or amino acUs such as glycine, 
antioxidants, chelating agents such as EOTA or glutathione, aiQuvants (e.g. aluminum hydroxide) and preservatives. 
In addition, pharmaceutical compositions of the present invention may aha contan tarn or more adifitional active 

20 ingmEants, such as, for example, cytokines Eke B-interferon. 

In this respect a further aspect of the present inventbn comprise pharmaceutical compositions for the 
endocyttc presentation of an immunosuppressive factor on the surface of an antigen presenting cell of a vertebrate 
comprising at least one immunomodulating agent and a pharmaceuticaQy acceptable corner, said at least one 
immunomodulating agent compris'mg at least one Fc receptor figand and at least one immunosuppresshm factor. 

25 SMariy, the invention comprbes methods for the preparation of a pharmaceutnal composition to treat an immune 
disorder conqirismg combmtng at least one immunomodulating agent witi) e physbtogicaOy acceptable carrier or dSuent 
wh&ein said immunomodulating agent comprises et least one Fc receptor ^and and at least one onmunosuppresshre 
factor. In both of these aspects the immunosuppresshre factor may comprise a T ceS receptor antagonist or agonist 
and the Fc receptor figand may comprise at least part of a immunogtobufin constant regton domain. Preferably, the 

30 immunomodulatoig agent wffi be in the form of a recombinant polypepthie m a chimeric ant&ody. 

As indicated above, immunomodulating agents comprising chimeric antibodies are a particularly prefered 
aspect of the invention. Such antibodies may be formed by siAstituting a immonosiqiirasffe factor, typicaBy a 
peptide TCR antagonist, for at least part of one or more of the comphmoitarity detmnidng regioiis ICDR). As wi 
ba described more fuBy in tiie Examples below, ti» nucleotide sequence ccAig far the heavy cbato may be engneered 

35 to rqilace al or part of at least one CDR with a peptide anabg of aB ar part d an auto^^ Upoaexprmian 
by the proper cefl Gne, the recombinant heavy chains can complex with wiU type Bgbt chains to form an 
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Dnmunoreacthre tetramer displaying two immunosuppressve factors. Those skOed in the art wH) appreciate that the 
imimmogiobulln molecules may be selected from the spedes to be treated so as to minimke the generation of e 
harmful immune response (i^. a human anti^ouse response). As the constant region of the selected immunogbbufin 
is essentiaBy unmodifed, this form of immunomodulating agent is reacDy endocytosed aDowing for effeethre 
5 presentation of the associated immunosuppressive factor. 

In other forms, the immunomodulating agents of the present mvention may comprise an antigen-antibody 
complex wherein the antigen is an immunosuppresshre factor, it wiO be appreciated that modem immunotogicai 
techniques may be used to generate and purify the desired antibodies which ere preferably monoclonaL By way of 
example only, a selected peptide antagonist or agonist fi-e. an anabg of a peptide autoantigen) may be mjected into 

10 a moose to provide immunoreactive cells which may then be harvested and immortalized using standard methods, 
if desired, the murine monoclonal may be 'humanized" using conventional recombinant procedures leaving a small 
murine variable region expressed on an otherwise human immunoglobulin that wQI not provoke a harmful immune 
response in a patient. In any case, the monoclonal antibody is complexed with the immunosuppressive factor to form 
the desired immunomodulating agent which may then be formulated and administered as descrHied above. With the 

15 intact constant region forming the FcR Ggand. phagocytation should be relathrely raphl and presentation of the 
ettached knmunosuppresshre factor efficient. 

Although embodiments may comprise the Fc receptor tigands corresponding to the entire constent region, 
it must be emphasized that the present mvention does not requffe that the administered immunomodulating agent 
comprise an intact immunogtofaufin constant region. Rather, any FcR igand that can bind to the FcR and undergo 

20 endocytosis may be used in coi^mction with the selected inmnmosuppresshre factor. Specifically, single domains 
of constant regions or fragments thereof may be combmed with peptide antagonists to form monomeric polypeptides 
(having a single ammo acid chain) that can suppress the immune systnn in accordance with the teachings herein. 
Such fusion protehis may be constructed which, havmg the maumum effective FcR igand andlor bnmunosupprassiva 
factotr may be rmich more stable thereby fadttating delivery a^^ Momwar.llieae 

25 engoieered proteins may be able to be adnuustered over a period of time without iirovoldnB an immune responsa as 
is aeon when administering whole antibodies of heterobgoos spades. As sod^ relatively smaD chaneric polypaptides 
may prove to be effective anmunomodidating agents. 

Similarly, non^ieptide basmi molacolar wititiBs may prove to be effident FcR Uganda; nvnuBoauppresswe 
factors or, mcomirination, immunomodulating agents. Those skied m the art w9 appreciate that ndacolar entities 

30 (peptide besed or mmfeptide based) that functnn eff ectivdy m a selected role lie. Fdi igend) mey be prodded 
odng Gnnent procedures such ss combaiatirid diemistry, iBrected evehtthm or latioiid dn^ desigiL For example, 
it may be possible to usetationd drug design to fasliion a smaB non-pqitide molecular entity that effectively Umis 
toe previously duddatedFc receptor. Tim derived FcR Ggand may tiiea be covdeatiyhked (or otinrvvisereverd^ 
associated) with an immunosuppresshre factor such as a peptUe antapmst to provUe en immunomoddatinB agent 

35 tiiat exhirits particular stability or otim desirdde trdts. 
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Whatever form of nummomodutating agent selected the compositions of the present invention may be 
formulated to provide desired stability and facilitate the selected form of administration. For example, the 
compositions may be administered using all the conventional routes includhigr but not Emitad to, oral vaginaL aural, 
nasal pulmonary, intravenous, intracranial intraperitoneal subcutaneous, or intramuscular administration. Within 
5 other embodiments of the invention, the compositions described here'm may be administered as part of a sustained 
release implant. Within yet other embodiments, compositions of the present invention may be formulated as a 
lyophSizate or spray dried formulation, utSzing appropriate exdpients which provide stabiBty as a lyophSizate, and 
subsequent to rehydration. 

The present invention is useful for the treatment of any vertebrate comprising an immune system subject 

10 to down regulation. The invention is particularly useful in those vertebrates such as mammals that possess ceBuiar 
immune responses. In preferred embodiments the vertebrate to be treated w8l be in a neonatal or infant state. 

In this respect, a further aspect of the invention comprises a method for treating an immune disorder 
comprising administering to a patient a therapeutically effective amount of a pharmaceutical composition comprising 
an immunomodutating agent in combination with a physiotogicaliy acceptable carrier or dSuent wherein said 

15 immunomodulating agent comprises at least one Fc receptor ligand and at least one immunosuppressivB factor. For 
this aspect, the immunosuppressive factor may comprise a T ceil receptor antagonist and the Fc receptor ligand may 
comprise at least part of a immunogloburin constant region domain. As previously alluded to, the immunomodulating 
agent wili preferably be in the form of a recombinant polypeptide or a chimeric ant&ody. The methods may be used 
treat immune disorders comprising autoimmune disorders, allergic responses and transplant rejection and are 

20 particuterty useful m treating autoimmune disorders selected from the group consisting of multiple sderosis, hipis, 
rbaumatoid arthritis, scleroderma, insufiiHiependent diabetes and ulcerative coRtis. 

As discussed above, the compositions, compounds and methods of the present invention are perticotarly 
useful for inducbig tolerance in neonatal or infant mammab thereby preventing or reducing future autoimmunity. The 
term "Snfant" as used herein, refers to a human or non^unnan mammal during the period of Re foDowmg birth 

25 wherein the bnmune system has not yet fully matured. In hum»is,tiiB period extends from birtii to the age of about 
obu months while m mice* this period extends from birth to about four weeks of age. The terms Inewboro" end 
"neonate* fof er to 0 stdiset of Infant mammals which have essentialy jM been boro. Other chaiecteriitics 
ossodated with "infmits* accordbig to the present nveotnn nchide an bnmune r es po n s e tiridch has A sunptiUBty 
to bgh xone tolerance ideletionfenergy of T coB precursors, increased tendency for apoptoss); 69 a Th, biased betnr 

30 lesinmse (phenotypical particularities of neonatal T cds; decreased CD40L expresshm on neonatal T ceOsfc 09 
leduoed magnitude of the celhdar response (reduced mnnber of functionel T ceDs; ledncod antigeniiresenting cefl 
function); and M reduced magnitude and restricted type of humoral response (predoounance of IgNP, IgO*", B cells, 
reduced cooperation betweoi Th and B ceOs). in specific oonbiutino embodiments of the invention the disclosed 
mnmnmodulatiiQ agoits may be administered to an bif ant manmal wherobi matraal ontiboties remain presoot ta 

35 detectable nnounts. In a rdated. embodbne&t the prqnant mother mey be nocobted with the fc do se d 
compositions so as to produce tiie desired T cd toieiance m the fetui to any nsa d» inducedT cell tolerance 
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may confer resistance to the later development of an autoimmune disease associated witti the administered 
immunomodulattng agent. 

Regardless as to whether the subject is an infant or fufl grown, the pharmaceuttcai compositions of the 
present invention may be administered in a manner appropriate to .the disease to be treated (or prevented). The 

5 quantity and frequency of administration w3! be determined by such factors as the condition of the patient and the 
type and severity of the patients disease. Within particularly preferred embodiments of the invention, the 
pharmaceutical compositions described herein may be administered at a dosage ranging from l//g to 50 mg/kg, 
although appropriate dosages may be determined by clinical trials. Those skilled in the art will appreciate that 
patients may be monitored for therapeutic effectiveness by MR! or signs of cGntcal exacerbation. 

10 Following administration, it is believed that the immunomodulating agent binds to one or more Fc receptors 

present on the surface of at least one type of antigen presenting cell Those skilled in the art will appreciate that 
selection of the FcR ligand w91. at least to some extent, determine which class of Fc receptor is used to intemaBze 
the immunomodulating agent. That is, a FcR &gand corresponding to an IgG constant region will be bound by a 
different class of Fc receptor than a FcR ligand corresponding to an IgE constant region. Moreover, as different 

IB classes of Fc receptors are expressed on different types of antigen presenting cells it is possible to present the 
immunosuppressive factor on selected APCs. For example, an FcR ligand corresponding to an IgG constant region 
is likely to be endocytosed by a macrophage or neutrophil and presented accordingly. This is of interest in that 
certain APCs are more efficient at presenting various types of antigens which, in turn, may influence which T cells 
are ectivated. 

20 In any case, the entire immunomodulating agent is subjected to receptor mediated endocytosis by the APC 

and usu^y becomes localized in clathrin-coated vesicles. After intemafization, tiie inununomodulating agent is 
processed for eventual presentation at the surface of the APC. Processing generally entaBs vesicle transport of the 
immunomodulating agent to the lysosome, an organelle comprising an acidic pH and selected enzymes incbdiiq 
proteases. Here the immunomodulating agent is digested to provide a free inmmnasuppresswe factor which, for the 

25 purposes of the mstam nvemion, may be in the form of a pepfUe. in such cases average peptide tengths may be. 
for example, on the order of 5 to 30 amino acids. FoHowing i^estioD. at best some of the imnumomodutoting agent 
frapents. inchiding the immumisuppresshe factor hagment are associated with MHC class II molecules in eioey& 
vesicles. The MHC dass ll-immanosuppresm f ector complex is then transported to the surface of the APC end 
presented to helper T ceBs. 

30 As pointed out above, preferred embodiments of the hnrention use a TCR antegonist as the 

immunosuppressive factor presented in concert with the class H lUIHC molecules. Accordingly, such antagonists (wUfib 
may be peptide anahigs) wiD be used for the purposes of the following discussion. However, it must be emphesiZBd 
that the present invention may be used for the receptor mediated endocyts presentetion of any immunosuppnssive 
factor that downregulates an immune response. As such, TceD receptor agonists vriucbprovUe the desired redintion 

35 in immunogenic response may be ssed as immunosuppressive factors and are m the purview of the present invention. 
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Accordingly, by way of example only, a T cell may have previously been sensitized to an autotogous p^tide 
agonist corresponding to a fragment of myelin basic protein. In multiple sclerosis this autoagonist is continuously 
presented thereby acthrating an immune response directed to constituents of the myefin sheath. More parttcuiarly, 
the sensitized individual T ceOs express thousands of receptors wluch selectively bind to the presented autoagonist 
5 and signal the cell When enough of the receptors are bound, the sensitized T cell acts to mount a response Le. 
secrete interleukin. In the cases where a TCR antagonist is presented in concert with MHC class It molecules the 
T ceB will recognize the presented complex but will not be activated. 

Thus, in accordance with the present invention, efficient endocytic presentation of an immunosuppressive 
factor (i.e. an antagonist) inhAits agonist-TCR binding through competition for the receptors. That is. the presented 
10 TCR antagonist binds effectively to the TCR of a sensitized T ceO thereby prechiding binding of a presented 
autoantigen or fragment thereof. Yet, unlike an autoantigenJCR complex, the immunosuppresshre f actor-TCR complex 
does not signal the T cell to mount a response. Thus, the binding of the immunosuppresshre factor (non-reacth^e 
agonist or antagonist) can prevent a T ceD from binding enough autoantigen to reach the threshold acthration tevel 
that induces the cell to act Hence, a harmful immune response to the continuously presented autoantigen comprising 
15 a natural agonist is averted. 

Presentation of the following non-Gmiting Examples will serve to further illustrate the principles of the 
present invention. In this regard, a Ost of abbreviations and corresponding definition used throughout the following 
discussion and the Examples Is provided: 

MBP: myelin basic protein, has been impBcated in the etiology of multiple sclerosis; 
20 PLP: proteofipid protein, has been impScated in tiie etiotogy of multiple sclerosis; 
PLPl: a peptide fragment of PLP comprising aa reshtues 139-151; 
PLP-Uk a peptide analog of PLPl, does not act'nrate PLPl pulsed cells; 
PLP2: a peptide fragment of PIP comprising aa residues 178-191; 

l§Vk an Ig construct (used herein as a control) comprising tiie heavy chain variable reghm of the anti-arsonate 
25 antBmdy 91A3. Gnked to a BaBi/cK2b constant region, and tiie parental 91A3 kappa light chain; 

b-PLPI: the same construct as ^-W except that the heavy cham CDR3 was reidaced witii aa residues 139-151 
ofPLPi 

l|f LP-U: the same construct as ig-W except tiiat the heavy chain CDR3 was replaced witii a peptide analog of 
aa residues 139-151 of PLP; 

30 Ig-HA: . (used as a control herein) the same construct as Ig-W except tiiat the heavy chata C0R3 was replaced wMi 
aa residues 110-120 of infhienza virus HA; 

PPD: furified proton derhrative, whole Hfyeobacterium tutmooiosts extract used as a control acthrator. 

For obvious practical and moral reasons, initial work m humans to detvmine the efficacy of experimental 
compositions or methods with regard to many dinases is infeasible. Thus, during early devdopment of any drug 
35 it is standard procedure to employ apprapriate animal models for reasons of safety end expense. The success of 
implementing laboratory animal modeb is predicated on the understanding that immunodominant eintopes are 
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frequently active in different host species. Thus, an immunogenic determinant in one species* for example a rodent 
or pig, w31 generally be immunoreactive in a different species such as in humans. Only after the appropriate animal 
models are sufficently developed w31 clinical trials in humans be carried out to further demonstrete the safety and 
efficacy of a vacdne in man. Accordingly, for purposes of explanation only and not for purposes of limitation, the 
5 present invention will be primarily demonstrated in the exemplary context of mice as the mammalian host. Those 
skSled in the art wfll appreciate that the present invention may be practiced with other mammalian hosts inchiding 
humans and domesticated animals. 

bi this respect experimental encephalomyeGtis (EAE), which is used as an animal model for MS, can be 
nduced in susceptible strains of mice with myelin autoantigens such as PLP and myelin basic protein (MBP). The 

10 encephaGtogenic acthrity of these proteins correlates with the presence of peptides which indtice in vivo class II 
restricted encephalitogenic T ceBs and consequently EAL The peptide corresponding to aa residues 139-151 of PLP 
(PLP1) is encephalitogenic in H-2s SJL mice, and T ceO ines spedTic for PLP1 transfer EAE into nahre aninab. 
Although the target antqen(s) in human MS is still debatable, the frequency of T ceBs specific for myeGn protems 
are higher in MS patients than m normal subjects. Sitencing those myelin-reactne T cells may be a logical approach 

15 to reverse MS. As such, this model wlO be used to demonstrate the advantages of the present invention. 

Pyafiptg I 
Pffpyatioi! pf PeptMes 

For the purposes of this appicotion the amino acols are rafened to by their standard throe^tter. or one> 
20 letter ONta. Unless otherwise specified^ the L-fimn d the amino acid is intendel When the 1-letter code is used, 
a capital btt^ denotes the L-form and a smafl letter denotes the D-form. The one totter code is as follows: A, 
alanine; C, cysteine; D, aspartic acfal; I, glutanuc acid; phenyUanine; 6, ohfone; H, histidine; I isotoucine; K, 
lysira; L leucine; M, methionine; N, aspvagine; P, proline; Q» ^utamine; R, afginine; S, serine; T« threonine; V, vabie; 
W, tryptophan; and tyrosine. 
25 AB pqitides used in the f oBowing examples were produced by Research Benets* bic (HuntsvOe, Alabama) 

using soGd state methodology and purifiBd on HPLC cohnnns to >S0% purity usmg conventional methods. PLP1 
peptide (HSL6KWL6HPNKF: SEQ. ID No. 1) encompasses en enc^haGtogenic sequence corresponding to aa reshhtes 
139-151 of naturaBy occurring proteoS[ud protein. PLP-LR QISL&KiiGRPNKFSEIL ID No. 2) is an analog of PLP1 
in which Trp144 aid Ms147 were replaced with Leu and Arg (underfined), respectively. PLP1 end PLP-LR bind weD 
30 to dass II molecules (Le. an MHC dass II structure produced by a specific strain of ndcel PLP2 peptide 
(NTWTTCOSIAFreK£E(L 10 No. 3) encompasses an encephafitogenic sequence corresponding to ea residues 1 78-191 
of PIP. This peptide also binds to dass n molecules and induces EAE m SJL ndce. HA peptide (sequence not 
shown) corre^onds to aa residun 110-120 of the hemagglutinin of the brfhtama virus. HA binds to 1^ dass U 
molecules end is used here as control peptidB. 



35 
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Example It 

Production of Murine Chimeric Immunoglobuiins ComDrismo Exooenous Peptides 
Two immunogtobufin-peptide chimeras, designated Ig PLPI and lg-PLP«LR and shown schematically in Figure 
1, were constructed to express peptides PLP1 and PLP*LR as described in Example 1. in both cases, the heavy chain 
5 CDR 3 loop was deleted and replaced with nucleotide sequences coding for the selected peptide. Conventional DNA 
sequencing analysts indicated insertion of peptide nucleotide sequences in the correct reading frame. 

The genes used to construct these chimeras incbde the gene coding for the BALBK lgG2b constant region 
as described by Gillian et aU CbB, 33:717,1983, the gene codmg for the 91A3 heavy chain variable region as 
described by Ruthban et aL, J. MoL Bio., 202:383-398, 1988, and the gene coding for the entire 91A3 kappa light 
10 chain as described by Gary et aL. Froc. llatL Acad. Sd, 84:1085-1089, 1987, afl of which are incorporated herein 
by reference. The procedures for deletion of the heavy chain C0R3 region and replacement with nucleotide 
sequences coding for PLP1 and PLP*LR are similar to those described by Zaghouani et eL JJmnmoL 148: 3604* 
3609, 1992 and incorporated herein by reference, for the generation of Ig-NP a chimera carrying a CTL epitope 
corresponding to aa residues 147-161 of the nucleoprotein of PRO mfhienza A virus. The same reference reports 
15 that the CDR3 of the 91A3 IgG is compatSile for peptide expression, and that both class I and dass ll-restricted 
epitopes have been efficiently processed and presented to T cells when grafted in place of the naturally occurring 
segment. 

Briefly, The 91A3Vh gene was subcbned into the EcoRI site of pUC19 plasmid and used as template DNA 
in PGR mutagenasis reactions to generate 91A3Vh fragments carrying PLP1 (91A3VirPLP1) and PLP-LR (91 A3Vh-PLP- 

20 LR) sequences In place of CDR3. Nucteothle sequencing analysis indicated that f ul PLPI and PLP-LR sequences were 
inserted in the correct readmg frame (not shown). The 91A3Vh-PLP1 and 91A3Vh*PLP-LR fragments were then 
subdoned Into the EcoRi site of pSV2-gpt-CK2b in front of the exons coding for the constant region of a BaBi/cK2b 
which generated pSV2-gpt-91A3Vtt-PLP1-CK2b and pSV2-gpt-91A3VH'PLPMR CK2b plasmids, respecthrely. These 
plasmids were then separately cotransfected into the non ig producing SP2/0 B myeloma cells with an expression 

25 vector carrying the parental 81A3 ight chain, pSV2Hieo-91A3L Transfectants producmg Ig chbneras were selected 
m the presence of genetsin and mycophenolic acii Transfectants were doned by imiting dHutnin and final cbnes 
secreted 1 to 4 ;/g/mL of lg-PLP1 or lg*PLP-LR (collectively, the lg*PlP chimeras). The selected ceO lines, designated 
lg-PLP1-9B11 and lg-PLP-LR-21A10, are mantamed in permanent storage in the mventor's laboratory. 

Chimeric and wihl*type ant3)odias were also used as controls. For example ^*HA, an IgG molecule carrymg 

30 in place of the 0 segment the HA1 10-120 T helper epitope from the HA of mfhienza virus that differs from tg-PLPI 
and Ig-PLP-LR only by the peptide mserted within CORl Ig-W b the product of unmodified |w3d*type) 91 A3Vm gene, 
Bab/c)^ constant repm and 91A3 kappa ^ht chain. Therefore it differs from ig-PLP1 and lg-PLP*LR in the CDR3 
legion wUcb comprises the parental D segment Rnaily, lg-PLP2, is a dumeric antibody that carries within the heavy 
dian CDR3 hiop aa fesiduas 178-191 of PLP. Conventional cloning, saiuendng, and purification procedures were 

35 used to generate tiie appropibte cell fines and ate sindbr to those described by Zaghouani et d. (previously dted) 
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and those previously used to generate Ig HA, Zaghouani et aL. Same. 259:224-227, 1993 abo incorporated herein 
by reference. 

Large scale cultures of transf octants were carried out in DMEM media containmg 10% iron enriched calf 
serum (Intergen, New York). Ig-PLP chimeras were purified from cuhure supernatant on columns made of rat-anti- 

5 mouse kappa chain mAb and coupled to CNBr activated Sepharose 4B (Pharmacia). Rat-anti-mouse kappa chain mAb 
(RAM 187.1 or ATCC denotation, HB-58) and mouse anti-rat kappa fight chain mAb (MAR 18.5 or ATCC denotation, 
TIB 216) were obtained from the ATCC. These hybridomas were grown to large scale and purified from culture 
supernatant on each other. The rat antinnouse kappa mAb was used to prepare the columns on which the Ig PLP 
chimeras were purified from culture supernatant. To avoid cross contamination separate columns were used to purify 

10 the individual chimeras. 

Example Hi 
Purification of ProteoBDid Protah 
Native proteoliptd protein or PLP was purified from rat brain accord'mg to the previously described procedure 
of Lees et aU m Preparation of Proteolipids, /te5gwrtAfertoifrw<teiwi^ Marks and R. Rodnight, editors. 

15 Ptunemum Press. New York, 1978 which is incorporated herein by reference. 

Briefly, brain tissue was homogenized in 2/1 v/v chloroform/methanolt end the sohibte crude Gpid extract 
was separated by filtration through a scintered glass funnel PLP was then precipitated with acetone and the pellet 
was redissolved in a morture of chloroformimathanoVacetic acid and passed through an LH-20-100 sephadex column 
(Sgma) to rmove residual E|uds. Rennoval of chloroform from the ehites and conversion of PLP into Its apoprotein 
20 form were carried out simultaneously through gradual adifitlon of water under e gentle stream of nitrogen. 
Subsequently, extenshre Mpas against water was performed to remove residual acetic acU and methanol 

Euunple IV 
Production of Rabbit Anti-PeBtlde Antibodies 
25 PLP1 and PLP-LR peptides prepared m Exampb i were coupled to KLN and BSA as descrbed in Zaghouani 

et aU Pne. Nad Aad. SdllSA. 88:5645-5648, 1991 and incorporated herein by reference New Zealand white 
rabbits were purchased from Myrtle's Rabbitry fThompson Station, TN). The rebbits were immunized with 1 mg 
paptide-KLH conjugates m complete Freund's ai^ivant (CPA) and challenged monthly with 1 mg conpigate in 
incomplete Freund's adjuvant (IFA) untB a high antibody titer was reachei The peptide-BSA conjugates were 
30 coupled to sepharose and used to purify fflittfqitide antBmdias from the rabbit anti-serum. 
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Example V 

Charactfiriiation of Rafabh Anti-PfiDtide Antibodies 

Capture radioimmnoassays (RIA) were used to assess expression of PLP1 and PLP-LR peptides on an IgG 
molecule using tg-PLPI and Ig-PLP-IR made as described in bampte II. 

Microtlter 96*wel] plates were coated with the rabbit anti-peptide antibodies made in Example IV |5):/o/mL) 
overnight at 4''C and blocked with 2% BSA in PBS for 1 hour at room temperature. The plates were then washed 
3 times with PBS, end graded amounts of Ig PLPI and Ig-PlP-LR were added and mcubated for 2 hours at room 
temperature. After 3 washes with PBS, the captured Ig-PLPl and Ig-PLP-LR were detected by mcubating the plates 
with 100 X 10^ cpm ^^I4abeled rat antFmouse kappa mAb for 2 hours at 37%, The plates were then washed 5 
times with PBS and counted using an LKB gamma counter. Shown are the mean ± SO of triplicates obtained with 
27 //gImL of chimeras. 

As shown in Figure 2, the rabbit antibodies directed to synthetic PLP1 and PLMR peptides recognized the 
chimeric antibodies lg-PlP1 and lg-PLP*LR produced in Example II. More specifically, when lg-PLP1 and ig-PLP-LR 
were incubated on plates coated with rabbit anti PLPI they were captured in significant quantity and bound labeled 
rat anti-mouse kappa chain mAb (Rg. 2A). Smiiarly, both Ig PLPI and Ig PLP-LR were captured by rabbit anti-PLP-LR 
(Fig. 2B). Conversely, tg W, the wild type 91A3 murine antSiody without an exogenous peptide and an IgM control 
antibodBS (not shown), did not show significant binding to the rabbit antibodies. Ig-PLPl bound to both anti-PLPI 
and anti-PLP-LR tetter than did Ig-PLP-LR, indicating that structural differences affected accessaiOity of the peptides 
to the rabbit antlb«Bes. Further, the results shown in figure 2 indicate that pefrtlde expression on the chimeras did 
not alter heavy and Oght chain pairing because the rabbit antibodies b'md to the PLP peptide on the heavy chain and 
tiie labeled rat anti-mouse kappa binds on tiie light chain. 



Exanpb VI 

Amioen Snecific T Cell Liro ProH eratton Assays 

FLPI-^mfic T ceB byhridomas 586 and 4E3 and the IL-2 dependent HT-2 T he^er ceb were obtained 
ffom The Eunice Kennedy Sirhrer Center, Wahbam MA. The 5BB and 4E3 T ceBs recognize the peptide PLP1 in 
association iwith dass II MHC and produces IL-2 when incubated with h as reported by Kuchroo et aU 
bimml. 1S3:3328-333B, 1994 which b mcorporated herein by reference. Conversely, Kuchroo et aL report that 
when stimulated whh PLP1 and tfien wttii PLP-LR hotii SB6 and 4E3 cells no bnger produce IL-2. SonBariy, 
stimulatbn of T cell hybridomas witii PLP1 in tiie presence of PLP-LR apparently inhbits iL-2 producthin. 

Using substantially the same techmque as Kuchroo et aL, activation of the T cefl hybridomas for various 
agonists was performed as foltows. hratfiated (3J)00 reds) splenocytes from SJL nuce were used as antigen 
presenting ceDs (APCs) for this Example. The inrad'iated splenocytes were mcubated m 96-well round bottom plates 
(S X 10^ ceBsJweUSO //O witii graded concentrations of antigens (100 /il/welD. After one hour, T ceQ hybridomas, 
La. 5B6 or 4E3 (5 X 10* cells^ArelU50 pQ were added and the culture was continued ovem^ht. Activation (or 
proliferation) of the T ceOs was assessed by measuring production of IL-2 in tiie culture supernatant Tins was done 
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by ^'thymidine incorporation using the IL*2 dependent HT*2 celts. That is, when lL-2 is present (i.e. secreted by 
acthrated T celb) the HT-2 ceDs proliferate, incorporating labeled thymidine from the surrounding media. 

The culture media used to carry out these assays was DMEM supplemented with 10% F6S, 0.05 mM 2- 
marcaptoethenol 2 mM ghitamine, 1 mM sodium puryvate and 50 /i/g/mL gentamycin sulfate. Briefly, culture 
5 supematants (100 ;il/weO) were incubated with HT-2 ceOs (1x 10^ cells/weDflOO /yi) in 96-weli flat bottom plates 
for 24 hours. Subsequently 1 //Ci ^-thymidine was added per well and the culture was continued for an additional 
12-14 hours. The calls were then harvested on glass fber fdters and the non incorporated 'H-thymidine was washed 
away, incorporated thymidine was then counted using the trace 96 program and an Inotech p counter. It will be 
appreciated that those welts containing higher tevek of IL-2 {secreted by the acthrated T cell hybridoma lines) will 

10 induce higher tevels of HT-2 cell profiferation and register increased leveb of ^H thymidine incorporation. 

The results of the aforementioned assay using two different T cell Bnes are shown in Figure 3. Specrficaliy, 
T cell hybridomas 4E3 (Hg. 3A) and 5B6 Fig. 38) produced substantial levels of 11-2 following stimulation by APCs 
previously incubated with Ig-PLPI, PLP1 and native PLP. The negative controls Ig-W, Ig-HA, and PLP2 peptide did 
not induce the production of IL-2 by the T cells. Similarly, both Ig-PLP-LR and PLP-LR peptide dni not stimulate 5B6 

IS and 4E3 to produce significant levels of IL-1 These last results are not unexpected because the PLP-LR peptide . 
is known to negete rather than stimulate IL-2 production. The concentration of antigen was 0.1 //M for Ig-PLPI, 
Ig-PLP-LR, tg-HA, and Ig-W; 1 //M for PLP1, and PLP2 peptides; and 1.7 ;/M for PLP. Each value represents the 
mean ± SO of triplicate weOs. 

These results indicate that Ig-PLPI was presented to the T ceB hybridnnas in a manner condudve to 

20 activation. Staric hindrance appeara to pieckute the simultaneoiis direct binding of the whole antibody to the MHC 
structure and ICR. As T ceDs wl not react to sohAle proteins, it appears that the PLP1 peptide was released from 
the Ig by endocytic pracessing and bound MHC class II M' molecules. Accordingly, the regions flanking the PLP1 
peptide do not appear to intarf ere witii tin endocytic processing of lg*PLP1 or tfie binding of the PLP1 peptUe to 
tiie MHC dass II structure. 

25 Example VII 

Presentation rfPLPI Peptide to T Cells Via hhPLPI 
h spontaneous immune disorders, exposure and continuous endocytic presentation of an autoantigen may 
generate significant levels of MHC-euteentigen complexes. Currently many immune diseases lack an effective in vitro 
model for repficating this continuous presentation affording a sernus enpeAnant to the development of effectwe 

30 treatments. Due to relativdy eseffetent intereaGiation mechanisms or the previously discussed Gmitations relating 
to free peptides, relatively high leveh of natural antigens are required to provide the desred stimulation. Accordingly, 
one aspect of the present ewention is to prowide an in Ktoo model for the continuous endocytic presentation of 
agoiust Ggands. 

More particuteriy, the present mvention provides metiiods for the effecthre in vitro endocytic presentation 
35 of s T ceB antagonist comprismg the steps oh 

a. proviifing e medhrni comprising a phirafity of antigen presenting cells expressing Fc receptors; and 
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b. combming said medium with a immunomodulating agent containing composition wherein the 
composition comprises an immunomodulating agent having at least one Fc receptor ligand and at least one 
nununosuppresshre factor and a compatible carrier. 

Preferably the immunosuppressive factor w31 be at least one T cell receptor antagonist and the Fc receptor 
5 figand will be at least part of a nnmunoglobu&n constant region domain. Further, in preferred aspects of the invention 
the immunomodulating agent wBI comprise a recombinant polypeptide or a chimeric antibody. 

In this respect ig*PiP1 (or any immunogiobuOn associated agonist) may be used for the purpose of 
establishing a peptide defivery system that could efficiently operete through the endocytic pathway and generate high 
levels of agonist ligands such that it provides an in vitro system to investigate the inmiune system. In particular, 
10 the disclosed system may be used to investigate antagonism in a situation similar to the m vm presentation of 
autoantigens. 

To demonstrate that immunogiobuOn associated agonists may be used to mimic continuous endocytic 
presentation of antigens, T ceB acthration assays were performed with free PLP1 peptide, native PIP, and ig-PLPI. 
The results of the assays are shown in Fig. 4. 

15 Specificany, different concentrations of the three antigens (i.e. agonists) were incubated with irradiated 

SJUJ splenocytes which were subsequently associated with 4E3 T cell hybridomas. iL-2 production was measured 
by Hi-thymidine incorporation using the IL-2 dependent HT-2 cells as described in Example VI. Each point represents 
the mean of tripGcates. The standard deviation did not exceed 10% of the mean value. 

Fig. 4 shows that ahhough the maximim acthration levels vari«l among the three different agonist;, the 

20 ieveb required to st'imalate the T ceBs were much tower for Ig-PLPI than for either free PLP1 or native PLP. That 
is, it took substantially less lg*PLP1 to stimutate tiie ceB fine tiian eidter tiie nathre PLP or tiie free peptide (on tin 
order of \\mi SpecKiceDy, stimulatton to half tiie maxnnum bvel reqwed less Ig-PLPI (0.005 iM) Urn PLP (OJ 
im or PLP1 peptide (06 /M). These residts mdicate tiiat tiie PLP1 T ceB epitope is bener presented by Ig-PLPI 
tiian by native PLP or by syntiietic PLP1 peptide. Aldiough ti» plateau of IL-2 production was higher when the T 

25 eel activator is free PV1 syntiietic peptide it rquires sabstantisBy Ingher agonist hveb that may be difficult to 
obtein in wfo <over an extended period. 

WhBe not imiting the present invention in any way, it appears tiiat the efficacy of Ig-PLPI in peptide 
defivery is related to FcR mediated IntemaBzation and access to newly synthesized MHC molecules. More 
particularly, native PLP appears to mtemalize ratiier ineffectively by simple fhnd phase pmocytosis while free PLP1 

30 peptide appears to simply Und to empty MHC dass II molecules at the ceB surface. The meffectual presentation 
of tiiese forms of the sutoant^ is deariy iOustrated by Hg. 4 which unamb^uously shows tiiat Ig-PLPI h more 
effnent in presenting PLP1 peptide in combination witii MHC dass II molecotes than eitiier the free peptide or the 
native protein. 
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Example Vtll 

Inhibition of T CbH Actwatipn In ¥hm 
Antagonom of PLP1. PLP. and Ig PLPl T cell activation by Ig PLP-LR was detected using a prepuised 
proliferation assay. 

5 Irradiated (3,000 rads) SJL splenocytes (used as APCs) were incubated m 96-weI] round bottom plates (5 

X 10^ ceils/well/50 //!) with the selected agonist (1 //M PLP1 peptide, 0.05 /tM tg-PLP1 or 7 //M PLP) and various 
concentrations of antagonist (100 /iVweD) for 1 hour. Subsequently, 4E3 T ceD hybridomas (5 X 10* ceIls/well/50 
/il) were added and the culture was continued overnight. IL-2 production in the supernatant, determined as in 
Example VI using HT-2 cells, was used as measure of T cell actuation. The results of this assay are shown in 
10 Figure 5. 

More particularly. Figures 5A, 5B and 5C show antagonism of free PLP1 peptide (5A), lg-PLP1 chimeric 
immunoglobulin (5B) and natwe PIP (5C) respectively. The antagonists were lg*PLP LR (squares) and PIP-LR (circles) 
with controls of Ig W (diamonds) and PIF2 (triangles). 

Cpm vahies obtained when the APCs were incubated with the agonist but no antagonbt was used as 

IS control thymidine incorporation. This value was 7,503 ± 1,302 for Ig-PLPI; 31,089 ± 3,860 for PLP1 peptide; and 
8,268 ±915 for PLP. The cpm value obtained when the APCs were incubated with no agonist or antagonist was 
used as background (B6). This value was 1,560 i 323 for Ig-PLPI; Z574 i 290 for PLP1 peptide; and 2,127 
i 177 for PLP. The percent control thymidine incorporation was calculated as follows: [(cpm obtained in the 
presence of test anUgonist) • (B6B f Rcpm control thymidine incorporation vatae) • <B6)l Each point represents the 

20 mean of tripScates. 

As previoasly iBscussed, the potency of Ig-PLPt chimeras m peptide loading onto MHC cbss H molaciilas 
may resemble «7 mo atitoimnnmB cireumstances whrn a continuous supply of antigen oftm alows for abundant 
generation of self pept'ntes which can trqger T eel aggresshrely. Figure 5A (PLPI agonist) shows that when T ceOs 
were imubated with APCs fai the presence of both PLPI and Ig-FLP-LR, a substantial decrease to IL-2 proihtction 

25 occurred as the concentration of Ig-PLP-LR increase! A smiSar decline m IL<2 production was evident when the 
synthetic PLP-LR peptide was used durmg T ceil activation with PLPI peptide. Conversely, antagonistic effects were 
not observed with the contnd lg*W imnumoglobufo and the PLP2 peptide, bilribition of IL-2 production to half the 
maxinuim level (60% control thymidine atcorporation) reqinred only 0.4 //M Ig-PLP-LR versus % iM PLP-LR peptide 
huEcatbig a much more efficient presentation of, and T cell antagonism by, Ig-PLP-LR. 

30 Further evidence that the chimeric immunoglobulin is more efficient than the free peptide in T cefl 

antagonism is shown m Rgs. SB and SC. Speciftcally, Fig. SB shows that ig PLP-LR mhibited T cefl activation 
mediated by ig-PLPI while free PLP-LR, Eke the negative control PLP2 peptide, did not diow eny stgnificant 
antagonisn. SigmTicamly, Fig. SB also shows that Ig-W, the wiM type 91A3 bmmmoglobuSn widiout any exogenous 
peptide exhSiits partial mhBiitory activity in Ig-PLPI mediated T ceO activation. It is bafieved that this may be the 

35 result of competition for baufing to the FcR on the APCs because botii Ig-PLPI and Ig-W share identical lgG2b 
constant regions. A maximum of 50% odAitkm b IL-2 production was seen when the activation of T cells by ig- 
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PLPl was carried out in the presence of Ig-W. Thus, Ig W would compete with lg-PLP1 for FcR binding and 
intemafization thereby diminishing the acthration of T cells. That is, as the concentration of ig-W increases, less ig- 
PLPl wBI bind to FcR and be internalize by the APCs resuhing in a diminished presentation and corresponding 11-2 
production. It is important to note that this tg-W mediated reduction in response is not the resuft of antagonistic 
effects but rather simply a result of competition for FcR binding. That is, the presented Ig-W epitopes are not TCR 
antagonists for PLPl and do not interact with the PLPl specific TCRs. 

In contrast to Rg. 5B, Fig. 5C shows that Ig-PLP-LR, but not Ig-W, significantly reduces the activation of 
T cells by nathre PLP. As lg*W is likely internafized in a different manner than nathre PLP, (Fc receptor versus simple 
fluid phase pinocytosis) there should not be any direct competition for uptake and processing and hence no inhBiitran. 



10 



For the sake of convenience the results shown in Figure 5 are summarized In Table 1 immediately below. 
When APCs were incubated with PLPl peptide in the presence of Ig^PLP-LR there was no acthration of the PLP1- 
specific T ceR hybridomas (Figure 5a). Moreover, when the actuation of T eeOs by native PLP and Ig PLPI was 
carrnd out m tiie presence of various concentrations of Ig-nP LR, IL-2 production ri.e. T-cetl acthration) dechned as 

15 Ig-PLP-LR increased. However, free PLP-LR peptide failed to inhibit T cell activation mediated by nathre PLP or Ig- 
PLPI. These two ines of evidence indicate that the principal mechanism for lg*PLP-LR mediated inact'nration of T 
cds was likely to be endocytic presentation and TCR antagonism rather than direct blockage of MHC class II 
motocules on the cell surface. 

bi tiie table below a phis aigii niEcates nbib^ of IL-2 production and tiierefore antagonism, while a mmus 

20 sign mdicates Bttie or no niba»tion of IL-2 production and tiwraf ore itde or no antagoirism. 



T«bie1. 

lg4»LP-LB and PLP-U MaAatsd T Cdl 



25 



Stimalttor (Agonist 

Anttgoritt PLPl PLP lg4>lP1 



PIP-LR 
I0PLP4II 



35 



The results of the foregoing example 'MBcate that the FcR mediaied uptake and aubseqinnt processing of 
a peiitide attagomst are compatBrie with effident presentation by the antigm presenting odL IMs is eittemaly 
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unexpected in view of the prior art where the delivery of free peptide analogs was assumed to provide efficient 
antagonism through direct competition for MHC or TCR binding sites. 

Eiampla IX 

Characterization of Mechanism for Antanonism bv tg-PlP-lR 
Using an assay similar to the one performed in Example VKI, ft was demonstrated that competition for direct 
bmding to the Fc receptor is not, in and of itself, a likely mechanism for Ig PLP-LR mediated antagonism. 

SJL splenic APCs were incubated with native PLP (6.8 //M) in the presence of 2 //M lg-PLP2. Ig-PLP-LR. 
or Ig-W and assayed for IL-2 production by ^H*thymidine incorporation usmg HT-2 cells as described in the previous 
Examples. lg*PLP2 was prepared as m Example II using the sequence detailed in Example I. The % control thymidine 
incorporation was calculated as in Example VIII. Results of the assay are shown in Fig. 6 wherein each column 
represents the mean t SD of triplicates. 

As with the results shown in Fig. SB, the present Example supports the position that both efficient 
presentation on the MHC class 11 structure and an eff ectwe peptide analog provide the most significant results. That 
is, even though the lg-FLP2 chbneric antftody is taken up and processed, efficient presentation of the PLP2 peptide 
by i-A* win not preclude acfnration of the T-cells as it is not an analog of the native PLP agonist. Accordingly, 
smtple competition binding to MHC class II molecuies on the antigen presenting cells is not likely to produce the 
desire entagonism. 

Exflmpte X 

A? »wp tndncthin of a T Cell Besnonse to PLP1 

By this Exnnpla it was dononstrated that in addithin to generat'mg a T ceB response in ritm (Example VIIL 
the chinmric antibodies of the present bivention could be used to genmte a cebilar response m mo. Specificaliy, 
the f oOowhg Example demonstrates the 0 primaig of PLP1 specifk T cells fay Ig-PLPI. 

Sb to right week oU SJL mice (H-Z*) were purchased from Harlan Sprague Dawiey (Frederick, MD) and 
maintamed n an animal facity for the duretion of experiments. 

The mice were immunized subcutaneously in the foot pads and at the base of the bnbs and tail with 50 
|ig of Ig-PLPI emubifnd in a 200 /[d mature of 1:1 viv PBSfCFA. Ten days later the mice were sacrificed by 
cervical disbcation, the ^leens and lymph nodes (axSlary, mgoinaL popGteal and sacral) were removed, single cell 
suspenstoii were prepered, and the T ceD responses were analyze! The results shown in Figure 7 are those obtained 
with 4 X 10^ lymph node ceOs/well (7A) and 10 x 10^ spleen ceflslwell (78). The activators PLP1 and PLP2 were 
used at IS p\^ML and PPD was used at 5 /[/gImL 

As with the prevbus Examples, T ceO ecthration was monitored u»ng a proGferathm assay comprising ^ 
thynudme ^corporation. Here, lymph node and spleen ceQs were incubated for three days m 96^eB round bottom 
idates, along with 100 ;/l of a single sdected acthrator, at 4 and 10 x 10^ cefls/100 ^efl, re^ectively. 
Subsequently, 1 u^t ^thymUine was added po weH and the culture was continued for an additional 12-14 hours. 
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The ceQs were then harvested on glass fiber fitters, and incorporated ^H thymldine was counted usng the trace 96 
program and an Inotech counter. A control media with no stimulator was inchided for each mouse and used as 
background. 

Each value shown in Figure 7 was calculated as described in bample VIII 
and represents the mean ± SD of triplicates after deduction of background cpms obtained with no activator in the 
media. Similar results were obtained when mice were immunized with 150 //g of lg*PLP per mouse (not shown). 

Figures 7A and 7B dearly show that when lg-PLP1 was injected subcutaneously in the foot pads and at 
the base of the limbs and tail a strong specific T cell response to the PLP1 peptide was induced. While there was 
some variation as to the strength of the reaction among the indhridual mice, the lymph node and spleen cells of each 
produced a significant response upon challenge with the PLP1 peptide, interestingly there is a significant PLP1 
speciftc response detected m the spleen, an organ that mostly filters and responds to systemic antigens. One 
poss3)ity that can be put forth to explain these results is that Ig-PLPl, because of it's long half Efe, was able to 
circulate and reach both the lymphatic and blood circulation and consequently be presented at both systemic and 
iyn^atic sites. This is potentially very beneficial when implementing therapeutic regimens for autoimmune disorders. 
It was also interesting that some mice show proliferation when the ceils are stbnulated with PLP2 peptide m vitro, 
Possbty, the fact that this peptide is presented by l-A' Gke PLP1 allows low affinity ceils to bind and generate a 
response. In any case the results are consistent with those provided by the earfier Examples where it was shown 
that Ig-PLPI was efficient in presenting the peptkle to T eels ti ritro. 

Example XI 

In wto tnhaifan nf a T CeB Response to PIP1 
As seen in the previous Example, Ig-PLPI is capaUe of priming T celb im end generates a potent 
innnune response when exposed to the agonist PLP1 peptide. This Example demonstrates that the admmistration 
of a peptide antagonist m the form of a chimeric antibody immunomodulatmg agent can substantially reduce the 
innmme response generated by the endocytic presentation of an agonist Egand. Specifically, this Example 
demonstrates that «hadmiinstration of IffLP-UI with Ig-PLPI SQraficantly reduces the anrnime re^onse to PLP1 

Iffifluufi. 

Uice were conmmuniied with nrixtures of either 50 /ig Ig-PLPI end ISO jjq tg PLP-LR or 50 fjq Ig-PLPI 
combmed with 150 /jg Ig-W. h partictdar, mdhndual mice from three groups (4 mice per group) were Ejected sc. 
as n Example X with a 200 Ad mature (PBSfCFA* 1:1 vM containing one of the foDowbig matures: 50 //g Ig-PLPI 
and 150 //g Ig-PLP-LR; 50 /ig Ig-PLPI and 150 //g Ig-W; or Ig-PLPI and 100 m PLP-LR peptide. Splenic and lymph 
node T eel responses vvere analyzed at day 10 post immunization. using the protocol set forth m Examfde X. The 
lymph node ceils were assayed at 4 x 10^ ceisfwell and the spleen ceQs at 10 x 10^ celts/welL The agonist figand 
was PLP1 at 15 //gftnL Resuits for tin lym|di node and spleen cells, shown m Figs. 8A and 8B respecthrely and 
sununarized m Teble 2 bebw, represent the mean ± SO of tripScates after deductnn of background cpm obtained 
with no agonist m the media. 
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Figures BA and BB show that, although lg-PLP1 was afficiently presented and induced a strong in mo J 
cell response lEiempte X), it was possible to antagonize such a response by incbding Ig PLP-LR in the mixture 
administered to mice. Indeed, when Ig-PLPI was co-administered to mice with Ig-PLP-LR. the subsequent immune 
response to free PLP1 peptide was markedly reduced as shown on the right half of Figs. 8A and BB. It appears 
5 that the low PLP1 response for both the spleen and lymph node tissue was a result of PLP-LR antagonism, since 
the co-administration with lg-PLP1 of the wHd type entibody. Ig-W, did not significantly reduce the T cell response. 
These results strongly indicate that it is the efficient ii mo presentation of PLP-LR through the FcR binding and 
endocytic processing of Ig-PLP-LR that is responsible for the reduced cellular response. 

Moreover, as seen in Table 2 immediately below, when free PLP-LR peptide was co-adm'mistered with Ig- 
10 PLP1 there was no indication that the PLP1 response was reduced. The numbers provided in the table represent 
the percentage values of PLP1 specific proBferatlon relatnre to PPD specific proliferation and were derived as follows: 
(mean cpm of tripOcates obtained with PLP1 stimulation • mean cpm tripBcate EG) /(mean cpm of tripficates obtamed 
with PPD - mean cpm triplicate 86) x 100 

15 Tahle 2 

Ig-PLP-LR But Not Fm PLP-LR Peptide MedlatBS T Cell Antagonism In Vitro 



ig4^LP1 CMdndnistBrad wHk 



20 MoBSO Ig-W to^ LP4B PIP-LR peptide 



PLPIfPPD <%| 

1 100 28 81 

25 2 85 40 81 

3 78 37 93 

4 79 26 100 



30 

The results above deariy show that co-admirastration of the frro antagonist peptide or the control Ig-W 
lacking an antagonist peptide have Gttle effect on the generated imnume response. The teck of antagonist effect 
by free PLP-LR peptide was not due to a net lower amount of bqected peptide becaose the mice were ghren 
approximately 34 foU more PLP4R in the free peptide form than in the tg-PLRJ) form (on the basis of a MW of 
35 150,000 D, the 150 of tg-PLPlR given to the mice corre^ond to 1 omole of Ig that contains 2 nmolas of PLP- 
LR peptide, while with a MW of 1,468 Daltons the 100 |ig of free PLP-LR peptide eorresponds to 68 nmoles of 
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pepttde). The faaure of PLP LR peptide to inhiiit lg-PLP1 mediated T cell activation coupled with the potency of Ig* 
PLP LR in antagonizing Ig-PLPI T cell stimulation supports the belief that lg*PLP-LR mediated m mo antagonism is 
likely related to efficient presentation. 

5 Example XII 

Induction of a T Cell Response to an Endocvticallv PresBnted Antaoonist 
Previous Examples have shown that administration of chimeric antibodies comprising a agonist iigand can 
prime immune ceDs in mo, it was also shown that administration of a chimeric antibody comprising an antagonist 
can reduce a subsequent response to challenge by en agonist ligand. This Example demonstrates that efficient 
10 presentation of an antagonist can prime vranune cefls in vivo and mount a strong response that could effect the 
reaction of the T cells to an agonist peptide. Specifically, mice co-injected with Ig-PLPI and Ig-PLP-LR develop a 
relatively high profiferathre response to PLP-LR and practically no response to PLP1 peptide. 

Lymph node and spleen ceBs were obtamed in the same manner as set forth in Example X following co- 
administration of Ig-PLPI and Ig-PLP-LR. Proliferative responses in mdhridual mice were also measured using the 
IS methods set out in the previous Example following in vitro stimulation with either free PLP1 peptide or PLP-LR 
peptide at 15 /ug/mL The results of the assays us'mg lymph node and spleen cells are detailed in Figures 9A and 
9B respectively. 

As can be seen from Fqure 9, both spleen and lymph nodes developed responses to the antagonist PLP-LR 
but not to ti» PLP agonist PLP1. Knowing that Ig-PLP-LR induced PLP-LR specific T ceBs when it was co- 

20 adnunistered witii Ig-PLPI, it ean be speculated that these PLP-LR-specific T cells downregulate PLP1 specific T cefls. 
Conversely, aMiough there was mduction of PLP-LR-speclfic response when free PLP-LR peptide was administered 
witti ig-PLPI (not shown), there was no evident reduction in the proliferative response to PLP1. Accordingly, the 
data set forth in the instant example demonstrates that tiie use of chimeric entindies comprising an antagonist are 
much more effeethre for modutating the immune response to en ent^en egonist than the free peptide antagonist. 

25 More particularly, in view of the forego'mg examples it appears that TCR engagement with PLP-LR-I-A^ 

comiriexes Tu. MHC-PLP-LR complexes) on the «irface of APCs antagonizes T ceBs rather than stimulates th«a 
Accorifingly. antagomsm by ig-PLP-LR may occur because efficient presentation of Ig-PLP-LR bi endocytic vacuoles 
ensures s^nificant levels of PLP-LR-I-A' complexes (antagonist complexes) are generated. The amount of complexes 
on tiie ceo surfece b proportional to the amount of Ig-PLP-LR offered to the APCs. When PLP1 stimulation is carried 

30 out 01 tiie presoice of Ig-PLP-LR, botii PLP-LR-I-A' and PLPI-I-A^ ere present on the surface of a ghren APC where 
en btcrease m tin concentration of Ig-PLP-LR leads to higher number of PLP-LR-I-A^ complexes. It wiO be appredated 
tiiat approximately 3500 TCR have to be engeged in order for a T ceO to be activated and that a given complex of 
MHC dass IHmptide complex seroDy engeges approximateiy 200 TCRs. As such, it appears that a T ceO b 
ant^onized when TCR engagement witii PLP-LR-I-A' conqilexes override engagement with the agonist PLPI-I-Al 

35 Overall because of effident bating of PLP-LR by Ig-PLP-LR, T cefl antagomsm is achieved by a higher frequency 
of serial triggering of TCR by PLP-UM-A' complexes. That is, tiie efftcsnt uptake end processing of Ig-PLP-LR sbnply 
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means that too many of the suriace MHC complexes present the PLP-LR antagonist to allow the remaining surface 
complexes presenting the PLP1 agonist igand to engage the number of TCRs to acthrate the T cell. Therefore, the 
T ceils wOi not be activated as long as the antagonist is presented at a rate that ensures the activation 
concenuation of MHC class Ikgonist complexes is not reached on the APC. 

5 

Example Xltl 

Ivmoh Node ProBferative Responses to Immoniiation With to-PLP Chimeras 
ProGferative responses were measured in mice immunized with indhridual Ig-PLP chimeras or varying 
mixtures of Ig PLPI and tg-PLP-LR. h was observed that Ig-PLP-LR ghren alone to mice eiduced T cells which, like 

10 those mduced by lg*PLP1. cross^reacted with both PLP1 and PLP-LR peptides. Surprisingly, however, despite the 
cross-reactivity of the responses, when the chimeras were administered together they displayed a dose dependent 
antagonism on one another resuhmg in down-regulation of both T celt responses. Finally, antigen specific T cells 
induced either by IG-PLP 1 or by I&-PLP-LR were refractory to down-regulation by peptide mixtures and firoliferated 
signlTicantly when they were m vitro stimulated simultaneously with both PLP1 and PLP-LR. These findings indicate 

15 that both agonist and antagonist peptides exert adverse reactions on one another and reveal an anti-paraUel 
antagonism and a stringent control of TCR triggering at the level of nehre T ceUs. 

Materials were obtamed and mice immunized as described above. Profiferathre responses were measured 
by thymadine incorporation as set forth in Example VI above. Lymph node and spleen cefls were obtamed in the 
same manimr as set forth in Example X following co^dmoiistration of Ig-PLPI and lg«PLP-LR. Mice were irijected 

20 with 50 PS Ifi-PLPi (lOA), SO Mi l^WPW (lOB). 100 /ig PiPl (IOC) or 100 //g PLP-LR (100) bi CPA, and 10 days 
later tiie lymph node ceb were in vitro stimulated with the indicated free peptnlas. The stbnulators PLP1, PLP-LR 
and PLP2 were used at the defined optimal concentration of 15 /igMiL 

The data iustrated in fgs 10A-100 indicate that lg-PtP1, Gke PLP1 peptide, mduced a specific T cell 
response to PIP1 peptide. Sfaniariy. Ig-PLP4A Bee PLP-LR peptide, induced a specific T cell refuse to PLP LR 

25 peptide. Neither the Ig chimera nor the free peptides mduced T ceBs that significantly reacted with the negat'we 
control PLP2, a peptide that is also presented by M' class II molecules. Surprisingly, howev^, the response induced 
by ig-PLPI cross-reacted with PLP-LB peptide, whOe the response induced by ig-PLP-LR cross-reacted with PLPl. 
The responses induced vritb free PLPl or free PLP-LR were not cross-reactive. 

30 Example XIV 

Lvmoh Mode T cell Profiferative Response to 
Co-hronunization With lo-PLPI and lo-PLP-LR 
Mice were injected witii the indicated chimeras and 10 days later the lymph nodes ceBs were *m vitro 
stimulated witii free peptides, end assayed for proiferation by pH]tfiymidine mcotporation as detaOed above. The 
35 results are shown in Rg. 11. 
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The number preceding the ig chimera label indicates the ^ amount injected per mouse. The stimulators 
were PPD, 5 //g/ml; PLP 1, PLP-LR, and PLP2 at 15 /yg/mL Cells incubated without stimulator were used as 
background (BG). The mice were tested individuaDy and triplicate wells were assayed for each stimulator. To 
standardize the results and eliminate intrinsic individual variability we expressed the results as relative proliferation 
5 estimated as follows: (mean test peptide cpm • mean B6 cpmUimean PPD cpm * mean BG cpm). The indicated 
relative proBf oration represents the mean i SD of 5 mice tested individually. The mean cpms ± SD obtained with 
PPD stimulation for the different groups of mice were as foBows: 50//g lg PLP1:16,413 ± 1330; 50//g Ig PLP-LR: 
11,224 ± 3481; 50//g Ig W: 11,513 ± l,S7i 50/ig ig-PLPl * 50//g Ig-PLP-IR: 16,817 ± 2,869; 50//g Ig-PLPl 
^ ISIWS Ig-PLP-LR: 16,156 t 2006; Sq^ Ig PLPI * ISO/ig Ig-W: 11,699 ± 1,142; 5(Wg Ig PLP-LR + KQfjq 

10 Ig-W: 13,435 ± 1,650; SON Ifi-PLP^ * SQ//g ig-PLP2: 10,056 ± 1,407; and 50;/g lg*PLP-LR ^ SO;/g lg-PLP2: 
10,877 ± 563. Fitod and hatched bars indicate proliferation to PLP1 and PLP-LR respecthrely. The proliferation 
to PLP2 paptide was at background levels except where ig-PLP2 was used in the immunization mbtture. 

As can be seen in Figure 11, lymph node T cells from a group of mice that were immunized with Ig-PLPl 
proliferated equally well to PLPl and to PLP-LR whereas Ig-W control caused little reaction. Surprismgly, the PLP-LR 

15 response was at background levels. Accordingly, although the responses to the Ig chimeras share cross-reacthrity 
between PLPL end PLP-LR peptides, the mature yielded down regulation rather than addithre responses. In fact, the 
data suggest an anti-parallel down regulation among Ig-PLPl (agonist) and Ig-PLP-IR (antagonist). This down- 
regulation appeared to be dose dependent because nnce that were injected with a mbcture of 50 ^ Ig-PLPl and 150 
n Ig-PLP-LR failed to respond to PLPl and mounted responses to PLP-LR that were reduced to levels observed witb 

20 mice injected with Ig-PLPl alone. 

One possible explanation for the observed opposite down regulation between IG-PLPI and Ig PLP-LR is that 
ctonal expansion requires an optimal serial triggering writh an homogeneous peptide Cue. all or most of the receptors 
on a single nahre T cell must engage one type of peptide in order to expand). Simultaneous stimulatmn of nahre t 
cells with peptides encompassing subtle differences at the TCR contact residues, which may be occurring during 

25 immunizations invohring matures of ig-PLPl and Ig-PLP-LRt fails to cause T ceO expansion and in vitro profiferation. 

Example XV 

Splenic Proliferative T Cell Responses of Mice 
Co-Immunized with lo-PLPl and IG-PLP-LR 

30 As shown in Figure 12, spleen ceQs from the mice described in Example XIV were stimulated with PLPl 
(f^ bars) and PLP-LR ( hatdied bars.) in tripficate weVs and profiferation was measured as above. The results 
were standardized as above using PPD cpms obtained with lymph node T eels because tiie proGf oration of ^teen 
eels upon stim ul at i o n witii PPO was minimaL The indicated rotative poSforation repiesents the meant t SD of 5 
infividuoly tested moL 

31 Splenic T ceb from these mice fafled to respond to PLP-LR stimubtion. However, whmi an addittanal group of 
mice was immunized with Ig-PLP-LR, botii lymph node and sptanic ceBs proGfereted to PLPl es wefl as to PLP-LR 
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peptide. tn the spleen, although the proliferative responses were much tower than in the lymph nodes, additive 
responses were still not observed. Rather, an opposite down-regutatory effect between Ig-PLPl and lg-PLP*LR was 
observed. Although co*injection of lg*W with either lg*PLP1 or lg*PLP-LR did not affect either response, co-injection 
of lg-PLP2 with lg-PLP1 increased reactivity to PLMR among the T ceils induced by ig-PLPI. 

5 

Example XVI 

IL-2 Production bv Solenic CeDs of Mice 
Co-Immunized With lo-PLPI and lo PLP-LR 
To further mvestigate the opposing down regulation among lg*PLP1 and Ig-PLP-LR, splenic antigen induced 
10 cytokine responses were measured in animals immunized with either a single or both Ig-chimeras. As shown in Fig. 
13, spleen cells (1 X 10" per well) from the mice described in Example XIV were stsnulated with PLP1 (filled bars) 
and PLP-LR (hatched bars) for 24 hours. Production of IL-2 (13A), MFk (13B), and IL4 (130 were measured as 
set forth below. 

eels were incubated In 96 well round-bottom plates at 10 x 10^ ceUs/IOOyuVweU with MSifA of stimulator, 

15 as above, for 24 hours. Cytokine production wes measured by ELISA according to Pharmmgen's instnM:tions using 
lOO/ii culture supenatant Capture antiiddies were rat anti^ouse IL2. JES6-IAi2.Tat anti-mouse IL-4, 1 1B1 1;rat anti- 
mouse IFN^, R4-6A2; and rat anti-mouse 1110, JES5-2A5. Biotinylated anti-cytokme antibodies were rat anti-mouse 
M X JES6-5H4; rat ant imouse IL4, BV06-24G2; rat anti-mouse IFNKr XMG 12; and rat anti-mouse IL- 10, JESS- 
16E3) The 0D405 was measured on a Spec 340 counter (Molecular Deviees) nsmg SOH MAX PRO version 1^0 

20 software. Graded amounto of recombinant mouse IL-2, IL4, My, and IL-10 were included in all experiments in order 
to construct standard curves. The concentration of cytokines in odture supematants was estimated by extrapolation 
from the Bnear portion of the standard curve. CeOs ncubated without stimulator were used as background IBG). 
Each moose was mdhridually tested in triplicate weBs for each stimulator and the indicated cpms represent the mean 
± SD after deduction of BG cpms. Production of IL-10 was also measured, but the results were at background 

25 levels (not shown). 

Upon in vitro stimubfion virith PLP1 peptUe, T ceOs from Ig-PLPI immunized mice produced IL-2, My, and 
sroaD amounts of IL4. However, stimulation of the same ceBs with PLP-LR y^ed minimal IL-2 and undetectable 
Wfy or IL-4. Spleen ceOs from Ig-PLP-LR immunized nuce generated IL-2 but no IFNk or IL4 upon stimutetion with 
PLP1 peptide. Moreover, PLP-LR peptide stimulation produced only a mmimai IL-2 response, bi mice immunized with 

30 equal amounts of Ig-PLPI and Ig-PLP-LR all cytokine production wes reduced to nnnimal or background levels upon 
stimulation with either pqitide. Co-immunization of Ig-W witii either chimera had no measure effect on cytokine 
production pattern. HVhen the animab were gnren a 3:1 ratio of Ig-PLP-LR: Ig-PLPI, ahhough the splenic proGferathre 
responses and IL-2 production were et background levels, significant amounts of IL4 and INFk were evUent upon 
stimulation witii WASi peptide. Consequentiy, the excess of IgflP-LR may lead to a mned but PLP-LR dommant 

3S TCR triggering that indoces ceOs able to produce cytokine but wduch exfaidt lu proBferative response. These data 
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indicated that lg-PLP1 and Ig-PLP LR exerted adverse reactions on one another leading to down-regulation of both 
T cell responses. 



Example XVIi 

5 PfoBferation of Antioen Experienced T Cells Upon 

Stknulation In Vitro With Mixtures of PLPI and PLP-IR Peptides 
To investigate virhether lg*PLP1 and Ig-PLP-LR could display adverse reactions on each other at the level 
of antigen experienced cross-reactive T cells, mice were immunized with lg-PLP1 or lg*PLP-LR alone and assessed 
for proliferathre T cell responses upon in v/trv stimulation with varying mixtures of free PLPI and PLP LR peptides. 

10 

More particularly Mice (4 per group) were immunized with Sl^ig ig-PLPI (14A and 14B) or 50^ ig-PLP-LR 
(140 and 14D) in CPA, and 10 days later the lymph node (14A and 140 and apleen (14B and 14D) ceDs were 
stimdated with the indicated peptides and assayed for [%}thymid'me incorporation as above. The number preceding 
the peptide label indicates the //ghni amount used for m vitro stimulation. The specific proGf oration was estimated 
15 by deducting the mean BG (obtained by incubating cells without stimulator) cpm from the test sample cpm. The 
indicated cpms represent the mean 1 SD of 4 individuaBy tested mice. ND, not determined. 

As can be seen in Figs. 14A-14D, both lymph node and spleen cells from mice immunized with Ig-PLPI or 
Ig-PLP-LR proliferated equally as weO to stimulation with a smgle peptide as to a nuxture of PLPL and PLP-LR. The 
proiferathra response to the Ruxture,m most cases, was even Irigher than the response to a single p^itide stimulation. 

20 

Enmpb XVni 

\12 Production l|y AfflfflCT N^Bnei^cptl T Pftfe 
Upon In Vitrff Sm\^m With PLP1fPlp>|fl Pfftide Mixtprgs 
To further investigate whether Ig PLPI and Ig-PLP-LR could display advme reactions on each other at the 
25 level of antigen experienced cross-reacthre T ceOs, mice were immunized with lg<PLP1 or Ig-PLP-LR elone and 
assessed for cytokine responses upon ti vitro sttnudatton with varying matures of free PLPI and PLP-LR peptides. 
The residts are shown in Rgs. ISA and 15B. 

Spleen ceBs from Ig-PLPI (ISA) and Igf LP-LR (15B) immunized nuce were stimulatol with the inificated 
peptides and tested for tL-2 production by EUSA as in Example }(VL The spleen ceOs used in these experiments were 
30 from the nuce deserved in Example XVII. The number precetfing the name of the peptide represents the //g/mi amount 
used for stimutetmn. The indicated //gfml iL-2 vahtes represem the mean d: SD of 4 imfividuaOy tested mice. 

As indicated by Example XVII, lL-2 production was not decreased upon stimulation of ^leen cells with 
varying mixtures of PLPI and PLP-LR. To the contrary, in most cases of stimulation with peptide nuxture IL-2 
production was Irigher than in stimulation with a single peptide. Again these findings imficate that both agonist and 
S antagonist peptides exert edverse reactions on one another and reveal an antiiiarallel a n tag o nism and a stringent . 
control of TCR triggering at the level of lahre T cds. 
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In addition to the use of immunomoduiatine agents comprising T cell receptor antagonists and agonists for 
attenuation of adutt immune responses, the same compositions may advantageousty be used for the induction of 
tolerance in neonates and infants as demonstrated in the following Examples. 
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Example XIX 

iSJL/J Mice injected with lo-PLPI at Birth 
Resist Induction of EAE Durino Adult Life 
To demonstrate the advantages of inoculating neonates or infants with the compositions of the present 
5 tnvention, newborn mice were administered immunomodutating agents as described herein and exposed to agents for 
the mducement of an autoimmune condition. 

More specifically, neonatal mice (10 mice per group) were injected with 100 //g of affinity chromatography 
purified lg*PLP1 or Ig-W within 24 hours of birth and were induced for EAE with free PLP1 peptide at 7 weeks of 
age. Mice were scored daSy for cfinical signs as follows: 0, no cGnical signs; \, bss of tail tone; 2 , hind limb 
10 weakness; 3. hind Bmb paralysis; 4« foreOmb paralysis; and 5, moribund or death. Panel A shows the mean clinical 
score of all mice and panel B shows the mean score of the survhnng animals only. EAE was mduced by 
subcutaneous injection in the foot pads and at the base of the Bmbs and tai with a 200 fA IFAfPBS (Ivol/lvoO 
sohition containing 100 //g free PLP1 peptide and 200 //g M. tabercabsis H37Ra. Sn hours later 5 x 10^ 
inactivated B. pertussis were given mtravenously. After 48 hours another 5x10" inactivated A pertussis were 
15 ghren to the mice. 

As may be seen in Fqs 16A and 16B adult mice recipient of tg-PLPI in safine at birth resisted the inductnn 
of EAE by free PLP1 peptide. Indeed, the clinical scores were much less severe in those mice than in animals 
recipient of lg<W, the parental wU type Ig witiiout any PLP peptide. In addition* contrary to those mice which 
recaned Ig-W, mice injected witii ^-PLPI showed no relapses (Heura 16B). 
20 Example XX 

to Wvo Presentation of ln-PLP1 hv Neonatal 
Thvnwc and Solenic Antioen Presentino Cells 
to order to confirm the cBnical results observed in Example XX, cytok'me responses were measured in 
neonatal mice. The data obtained b shown in Fig. 17. 
25 Specifically, neonates (5 mice per group) were injected with 100 //g Ig-PLPI or Ig-W whhin 24 hours of 

birtii. Two days later tiie mice were sacrificei and pooled tiiymic (17A) and splenic (17B) ceOs were bradiated and 
used as APCs for stimulation of the PLPV^ctftc T ceO bybridoma 4E3 as described above. IL-2 production in tiie 
supernatant which was used as a measure of T ceB activation was determined u^ the IL-2 dependent HT-2 ceO 
Bne as descAed by V.IC Kuchroo et aL «/. bmmmoL 153, 3326 (1994) mcorporated hereto by reference. The 
30 todicated cpms represent tiie mean ± SO of triplicates. 

The adminbtered \^W\ was efTicientiy presented by neonatal APCs. Both tiiymic (1 7A) and splenic (1 7B) 
APCs from neonate recipients of IG^LPI activated a T ceQ bybridoma specific for PLP1 peptide witiiout addition 
of erogenous antigen. APCs from neonate recipients of Ig-W were unable to activate the T ceQ hybridoma. 



35 
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Example XXI 
Reduced Solgnic Proliferative T cell 
RflSDonsB in Mice RecbiBnt of lo-PLP1 at Birth 
To further confirm the results observed in the previous two ExampleSr prolif erathre responses were measured 
5 in mice inoculated with an imrnunomodulating agent at birth. The results are shown in Figs. 18A and 186. 

Neonates were injected intraperitoneal (Lp.)within 24 hours of birth with 100 //g Ig PLPI or Ig W in saline. 
When the mice reached 7 weeks of age they were immunized with 100 /yg free PLP1 peptide in 200 ^ CFA/PBS 
(Ivol/lvol) s.c. m the foot pads and at the base of the Gmbs and tail. Ten days later the mice were sacrificed, and 
(ISA) the lymph node ( 0.4 x 10^ ceOslwell) and (IBB) the splenic (1X10^ ceils/well) cells were in vitro stimulated 
ID for four days with 15 //glml free PIPI or nPt a negathre control peptide corresponding the encephaiitogenic 
sequence 178-191 of PLP (13). One //CiiweD ofpHlthymidine was added during the last 14.5 hours of stimulation, 
and proliferation was measured using an Inotecb ^-counter and the trace 98 Inotech program. The mdicated cpms 
represent the mean t SD of triplicate wells for indhriduaHy tested mice. The mean cpm ± SD of lymph node 
proGferathre response of al mice recipient of Ig-PLPI and Ig-W was 34,812 ± 7,508 and 37,026 ± 10,133. 
15 respecthrely. The mean splenic proliferative response was 3,300 t 3,400 for the Ig-PLPI recipient group and 
14,892 ± 4,769 for the Ig-W recipient group. 

Mice recipient of Ig-PLPI at the day of birth, Eke those injected with Ig-W, developed equivalent adult lymph 
node T ceH proRferathre responses to PLP1 when they were immunized with free PLPI peptide in CPA (ISA). 
However, the spleiric prolferetive response was markedly reduced m the mice recipient of Ig-PLPI (IBB) thus 
20 indiceting the inducement of toterance. Neither group of mice showed a significant proGferathre response to PLP2, 
e negative control peptide presented by W dass II molecules Gke PLPI. 

Example XXil 

Lvmnh Mode T CeD Deviation m Mice Treated With lo-PLPI at Birth 
25 To furdier demonstrate the induction of tolerance in mf ants or neonates, cytokine responses were measured 

n were measured in mice inonitated with an immunonmifatlating agent at birth. The results ere shown in Figs. 1 9A- 
IOC. 

In particular, iymph node ceDs 14 x 10^ celUweW from the mice descr&ed in Example XXI were stimulated 
01 vA^ witii free PLPI or PLP2 (15 AiglmO for 24 hours, and the production of lL-2 (19A), IL4 (19B), and INFk 
30 (190 was measured by EUSPOT as descr&ed in Example XVI using Pharmingen anti-cytokine antOmdy pairs. The 
indicated vahies (spot forming units) represent the mean ± SD of 8 indhnduaBy tested mice. 

The results show cytokine production patterns vvere affected by the inoculation of the neonatal mice. 
Lymph node cells from mice recipient of Ig-W at birtii produced, upon stimulation vyith PLP1, IL-2 but not INFk 
IL4. In contrast ceBs from mice redp'ent of Ig-PLPI were deviated and instead produced iL4. No cytok'me 
35 production was observed upon stimulation witii PLP2 peptide. 
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Exanqile XXIII 

Reduced INFk Production bv Splenic T Cells From 
Mice Injected With la-PLPI at the Day of Birth 
To confirm the results obtained in bample XXII, spleen cells from the same mice were assayed for cytokine 
responses. The results ere shown in Figs. 20A and 20B. 

More specificalty, splenic cells (1X10^ cells/weO) from the mice were stimulated m vitro with free PLP1 
or PLP2 (15 //g/mi) for 24 hours, and the production of IL-2 (20A), iL4 (20BL and INFk (20C) in the supernatant 
was measured by EUSA using pairs of anti-cytokine antibodies from Pharmingen according to the manufacture's 
instructions (Example XVI). The indicated amounts of cytokine represent the mean ± SD of 8 indhndualiy tested 
mice. 

In the spleen, wh3e cells from mice innnoculate with Ig-W produced IL-2 and INFk. Conversely, cells from 
nwe injected with lg-PLP1 produced IL-2 but faited to produce detectable levels of INFk. The negathre control PLP2 
peptide, failed to induce cytokine production. 

Example XXIV 

Cytokine Mediated Restoration of Splenic T CeP 
Proliferation m Mfce Injected With lo PLPI at Birth 

To demonstrate that proGferathre responses may be retstored, cells from inoculated neonatal mice were 
exposed to exogonous MFk. The results ere shown bi Rg. 21. 

ta particular, a group of neonates bqected Lp. with 100 //g of Ig-PLPI at birth were imimmized with 100 
/ig PLP1 peptide in CFA, as in Example XXI, and m vHro stbmilation of splenic ceQs (1x10^ ceOs/well) with free 
PLP1 peptide (15 //gfroO was carried out es described in Example XXI but in the presence of 100 units INFk or IL- 
12. The indicated cpms for each mouse represent the mean ± SO of tripGcate wells. 

Surprisingly, addition of erogenous INFk to ^nic ceDs from tlie mice recipient of lg*PLP1 at birth restored 
the proliferative response. IL-12, an inducer of WFk (14), also restored the splenic proliferative response. 

DveraS, mice mpcted at birth with Ig-PLPI develop a lymph node T cell deviation and an unusual INFk^ 
mediated splenic anargy. Interest'mgly, when these mice were induced for EAE with free PLP1 peptide they developed 
a odd monopliasic ifisease witiiout rdapses. Since Igs have tong hatf-fives, an Ig based immunomodulating egent 
may endure for an extended period of tone resulting in e continuous and skiw release of the mmuinosuppresshre 
factor, es may occur m the usual neonatal tolerization procedures usmg incomplete Freund's adjuvant with a 
conventional antigen. Consequentiy, defivery on Igs may allow one to circumvent the use of adjuvant to induce 
neonatal tolerance. Further, interaefizetian of an mimunosuppresshn factor via FcR and the subsequent processing 
in the endocyts pathway grants access to newly synthaazed MHC class II meiacules, generating significant amounts 
of MHCHmnnnmsupprassive factor complexes. Tlnse favoreUe parameters (Le. FcR-mediated APCs sctivation, slow 
pqitide rebase* oral effideot peptide pieseotationL may contfiuite to the biduction of lymph node deviatkm and 
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splenic energy. As with administration of the disclosed compositions to adults, the adjuvant free tolerization strategy 
may be used to silence autoreactive T cells and prevent autoimmunity. 

Those skilled in the art wOl further appreciate that the present invention may be embodied in other specific 
forms without departing from the spirit or central attributes thereof. In that the foregoing description of the present 
invention discloses only exemplary embodiments thereof, it is to be understood that other variations are contemplated 
as being within the scope of the present invention. Accordingly, the present invention is not limited to the particular 
embodiments which have been descried m detafl herein. Rather, reference should be made to the appended claims 
as indicative of the scope and content of the invention. 
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WHAT IS CLAIMED IS : 

I . An immunomoduiating agent for the endocytic presentation of an immunosuppressive factor on the 
surface of an antigen presenting cell of a vertebrate comprising at least one Fc receptor ligand and at least one 
imnuinosuppressive factor. 

1 The (mmunomodulating agent of claim 1 vtfherein said immunosuppressive factor is selected from 
the group consisting of T cell receptor antagonists, T cell receptor agonists and combinations thereof. 

3. The immunomoduiating agent of claim 2 wherem said immunosuppressive factor comprises a 
peptide antagonist. 

4. The immunomoduiating agent of claim 3 wherein said peptide antagonist is an analog of a peptide 
agonist capable of acthratmg a T ceil response to proteolipid protein. 

5. The immunomoduiating agent of claim 1 wherein said at teast one Fc receptor ligand comprises 
at least part of a domain of a constant region of an immunoglobulin molecule. 

6. The immunomoduiating agent of claim 1 wherein the immunomodulatmg agent comprises a 
polypeptide. 

7. The immunomoduiating agent of claim 1 wherein the immunomoduiating agent comprises an 
antibody-antigen complex. 

8. The immunomoduiating agent of claim 1 wherein the immunomoduiating agent is a chimeric 

ant&ody. 

9. The immunomoduiating agent of daim B wherein setd chimeric antibody comprises a T cell receptor 
antagonist 

10. The onmunomoduieti^ agent of daim 9 wherein said T cell receptor antagoiust is expressed within 
St best one complementarity determining region. 

II. A pbarmaceotical cmnpodtion for the endocytic presentathm of an immunosuppresswe factor on 
the surface of an antigen presenting cell of a vertebrate conqirinq a compound as set forth m sny one of daims 
1-10, 

12. Use of an immunomodulatiiq agent as set forti) in any one of daims MO for the preparation of 
a phermaceutical compodtion to treat an immune disorder in a patient m need ttereof . 

13. The nnthod of claim 12 wherein said immune disorder comprises a disorder setected from the 
group condst'mg of autoimmune disorders, aBergic responses and transplant rejection. 

14. The metiiod of claim 13 wherein said immune cfisprder conqirises an autoimmune disorder selected 
from the group condsting of multiple scbrods, hipis, rheumatoid artiiritis» scleroderma, msubMiependent diabetes 
end utoathre colitis. 

15. The method of daim 12 wherein said patient is an infant or neonate. 

16. Use of en immunomoduiating agent as set forth in any one of dam 1-10 for the preparation of 
a pharmaceutical compodtbn for tiie induction of T ceO toteram m a patient in need tiiereof. 
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17. The method of claim 16 wherein said T cell toterance is associated with an autoimmune disorder 
selected form the group consisting of multiple sclerosis, hipus, rheumatoid arthritis, sclerdoerma, insulin-dependent 
diabetes and utcerathre colitis. 

16. The method of claim 16 wherein said patient is an infant or neonate. 
5 19. A method for treating an immune disorder comprising: 

administering to a patient a therapeutically effective amount of a pharmaceutical composition 
comprising an immunomodulating agent in combination with a physiologically acceptable carrier or diluent wherein 
said immunomodulating agent comprises at least one Fc receptor Ugand and at least one immunosuppressive factor. 

10 20. The method of claim 19 wherein sabf onmunosuppressive factor is selected from the group 

consistmg of a T cell receptor antagonist, a T cell receptor agonist and combinations thereof. 

21. The method of claim 19 wherein said immunosuppresshre factor is an analog of a peptide agonist 
capable of acthrating a T cell response to proteoEph) protein. 

22. The method of claim 19 wherein said immunosuppressive factor is an analog of a peptide agonist 
IS capable of acthratmg a T cell response to myelin basic protein. 

23. The method of claim 19 wherein said Fc receptor figand comprises at bast part of one domain 
of a constant region of an immunoglobulin molecule. 

24. The method of claim 23 wherein the immunoglobulin molecute is human IgG molecule. 

25. The method of ebon 19 wherein said immunomochilating agent comprises a polypeptide. 

20 26. The method of daim 2 wherein said immunomodulating agent conqsrises a chimeric antBiody. 

27. The Rffithod of claim 19 wherrai said immune disorder comprises a disorder selected from the 
group consisting of autobmmme disorders, aBergic responses and transplant rejection. 

28. The method of claim 27 wherein saM inmiune disorder comprises an autoimmune disorder selected 
from the group consisting of multiple sclerosis, hqus, rheumatoid arthritis, scleroderma, insuGn-dependem ifiabetes 

25 and ulcerative coGtis. 

29. A method for producmg an imnuinomodulattng agent for the endocytir presentation of an 
immunosQppresave factor on the surf see of an antigen presenting ceO of a vertebrate compris'mg the steps oh 

transforming or transfecting suitable host cells with a recombinant polynucleotide molecule 
compraing a nucleotide sequence which encodes a polypeptide comprising at bast one Fc rweptor Kgand and at bast 
30 oi» immonosoppresshre facton 

cuhuring the transformed or transfectol host c^ under conditions in which said celte express the 
recombinant polymicbotide mobcufa to produce sahl polypeptide wherein tiie polypeptide comprises at bast a part 
of an immunomodubting agent; and 

recovermg said inunuRomodubting agent 
35 30. The metiiod of cfaim 2B whmn sani immimosuppre^e factor b sebcted from tite group 

cansBting of a T caO reeeplor antagonist a T ceD laceptor agonist and nnnbipations thereof. 
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31. The method of claim 29 wherein said immunosuppressive factor is an analog of a peptide agonist 
capable of acthrating a T cell response to myelin basic protein. 

32. The method of claim 29 wherein said Fc receptor ligand comprises at least a part of one domain 
of a constant region of an immunoglobuOn molecule. 

5 33. The method of claim 29 wherein said immunomodiilating agent comprises a chimeric antibody. 

34. The method of claim 33 wherein said chimeric antibody comprises a heavy chain wherein at least 
one complementarity determining region has been replaced with a T cell receptor antagonist. 

35. A recombinant polynucleotide molecule encoding a polypeptide wherein said polynucleotide molecule 
comprises at least one nucleotide sequence corresponding to a Fc receptor ligand and at least one nucleotide 

10 sequence corresponding to an immunosuppresswe factor. 

36. The polynucleottde nutecuk of claim 35 wherein said immunosuppresshre factor is selected from 
the group consisting of a T cell receptor antagonist a T ceO receptor agonist and combinations thereof. 

37. The poiynucieotide molecule of claim 35 wherein said polynucleotide molecule comprises a sequence 
corresponding to at least part of one domain of a constant region of an immunoglobufin molecule. 

15 38. The poiynucieotide molecule claim 37 wherein the immunoglobulin molecule is a human IgG 

molecule. 

39. The polynucleotide molecule of claim 35 wherem said polynucleotide molecule encodes a nucleotide 
sequence correspond'mg to an immunoglobuGn heavy chain wherein a comptementarity determining region has been 
at least partiaily deleted and replaced with a nudaotide seqtnnce corresponding to T ceD receptor antagonist. 
20 40. Transfected or transformed celb comprbmg a recombinant polynucleotide molecule according to 

any one of claims 35 to 39. 

41. A method for the effecthre ii ¥itro endocytic presentation of an immjunosuppressive factor 
compriang the steps of: 

providing a medium compris'mg a plurality of antigen presentmg cells expressing Fc receptors; and 
S combinmg said madoim with a immunomoduiating agent containing composition wherein the 

composition comprises an immunomodubtrng agent having at least one Fc receptor ligand and at least one 
bnmunosuppresshre factor and a compatible carrier. 

41 The method of cbim 41 wherein said Fc receptor ligand comprises at least part of one domain 
of a constant reg'uin of an immunoglobulin molecule. 
30 43. The method of claim 41 wherrin said immunomoduiating agent comprises a polypeptide. 
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